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- JMl’ERATURE RELATIONS OF ELEVEN SPECIES OF 

RHIZOPUS ‘ 

s. WbimBr and 1, I,. Harter. Pathohot^t^ Office of Cotton, Truck, and Forage 
jji Duease Investigations, Bureau of Plant Industry, Untied States Department 
“* Agriculture 

INTRODUCTION 

arter, Weimer, and Lauritzen (12) ^ have recently showm tliat the 
cal softrot of sweet potatoes may be produced by nine different 

* «es of the genus Rhizopus. It has been demonstrated likewise that 
e fungi can produce a similar decay of a large number of fruits and 
^'dbles when the host and parasite are brought together under 
ole conditions {it). The importance of temperature as one of the 

onditioiis essential for infection by these fungi was pointed out, it 
naving been found necessai*}'^ in all cases to expose the hosts to leinpeta- 
tures within the range most suitable for the growth of the fungus in 
order to obtain infection. These fungi were placed roughly into high, 
ow, and intermediate temperature groups More recent studies have 
teen made ^ in which the temperature limits for growth of these fungi 
upon the sweet potato have been determined. The behavior of these 
fungi upon the living host is of special interest, since it is under the^v 
conditions that they become of economic importance. However, in 
studies of this nature two living organisms are involved, each of which 
may respond quite differently to various conditions of the environment. 
At high temperatures the physiological activities of the host are ac- 
celerated, while the reverse is true at low temperatures. The growth 
of the fungus ^vill likemse be stimulated or retarded, depending upon 
"'e temperature employed, consequently any living host as a medium 
testing the response of the species of Rhizopus to temperature would 
.v)t l:)e uniform at different temperatures and would therefore be unsatis- 
factory. It was the object of these investigations to determine the 
influence <»f temperature on the development of ii species of Rhizopus 
when grown upon an artificial culture medium of uniform compo.sition 
The studies, the results of which are presented below, include the effect 
of temperature first on the germination of the spores, second on the growth 
oi the mycelium, and third on the fruiting of the fungi. 

SPECIEvS STUDIED 

The species of Rhizopus studied were the same as those used in former 
ivestigations : Namely, m^ricans Khrnb., reflcxus Hainier, chinrnsis Saito, 

* Accepted for pubUcatiem May 99, 
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iriiict Saito, artocarpi Raeib., delemar (Boid.) Wehnier and Hanzawa, 
maydis Bruderl, nodostts Namysl, oryzae Went and Pr. Geerligs, micro- 
sporus V. Tieg., and arrhizus Fischer. As previously explained (12) al! 
the original cultures except those of nigricans and arrhizus were obtained, 
from Mr. E. D. Eddy. Each organism was pure-lined by isolation fror 
a single spore. A comparison with the original descriptions of eacr 
species showed no appreciable disagreement. 

METHODS 

In order to keep the stock cultures in a vigorous state of growth the^, 
were renewed about once each month by transferring to sweet pota^' 
agar in small Erlennieyer flasks and incubated at a temperature of fro. 
22° to 26° C. Cultures of from 5 to 10 days old were used in the exp* } 
ments. Preliminary investigations showed that Rhizopus spo. 
germinate more readily in some good nutrient medium such as swer 
potato decoction than in water, hence the former medium made 
previously described (10) was used. 

In order to have available a solution of uniform composition for a' 
the spore germination tests, a large volume of sweet potato decoction was 
prepared and stored in small flasks stoppered with cotton and covered 
with several tliicknesses of oiled paper to retard evaporation. Each 
flask contained about 120 cc. of the decoction, which was about the 
amount required for tlie study of the spore germination of each organism. 
By storing the solution in small flasks the necessity for resterilizing the 
stock solution each time some of it was removed and tliereby possibly 
changing its chemical composition was avoided. The loss by evapora- 
tion was restored by bringing the solution up to its original volume by 
the addition of distilled water, A loop of a spore suspension made in 
this medium was placed upon a clean cover slip, which was then sealed 
writh vaseline in an inverted position to a glass ring cemented to a slide 
with a mixture of beeswax and vaseline. In the bottom of a cell so con- 
structed w^as placed a small quantity of the same solution. The cells 
used were comparatively large (13 mm. high by 16 mm. in diameter) and 
provided sufficient air for the germinating spores. 

In view of the fact that some investigators have found the hanging- 
drop method of studying spore germination unsatisfactory, the writers 
made several preliminary comparative tests of different methods. 
These showed that so far as these species of Rhizopus are concerned as 
reliable results could be obtained by the hanging-drop method as by 
any of the others, as, for example, in small volumes of solution in test 
tubes. Furthermore, since repeated observations must necessarily be 
made to determine accurately the time of germination the hanging-drop 
method lent itself more readily to manipulation than the test-tube method 
in which a fresh mount must be made for each observation. Th e hanging- 
drop cultures were placed in the incubators as soon as possible after they 
were prepared. The incubators were manufactured by Paul Altmann, 
were electrically controlled, and ranged in temperature from 1.5° to 
50° C. Usually tlie temperatures in the individual chambers remained 
almost constant, varying for the most part less than a degree except in the 
lower ones, where there was sometimes a variation of 2° or 2.5° C. Pans 
of water w^ere kept in the bottom of the chambers to keep the air moist. 
At least four and more often eight hanging drops were used at each 
temperature. 
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The rate of growth of these fungi at various temperatures was studied 
by growing them in Petri dishes containing 10 cc. of a 2 per cent Irish 
potato agar witliout additional sugar. A small drop of a suspension of 
spores in water was placed in the center of each plate with a 2-mm. 
platinum loop. The plates were placed in the incubators as soon as they 
were prepared, and the rate of growth was determined by measuring 
twice daily the diameter of the mycelial felt formed. Five Petri dishes 
were placed at each temperature. When the results were not entirely 
satisfactory the experiment was repeated. 

The effect of temperature on sporangia formation was determined by 
growing the fungi at different temperatures in 100-cc. Krlenmeyer flasks 
on 30 cc. of 2 per cent Irish potato agar and observing tlie temperatures 
at which the sporangia were produced and the lime required for their 
formation. 

INFLUENCE OF TEMPERATURE ON SPORE GERMINATION 

The effect of temperature upon spore germination has been studied 
by a number of investigators and by several different methods. The per- 
centage of germination at different temperatures has been used as a meas- 
ure of the influence of temperature upon spore germination by Melhiis 
{14), Doran (4), Reed and Crabill (iS), and others. Naturally the method 
used in any particular investigation must depend upon the type of data 
desired. ITeliminary tests showed that practically ick) per cent of the 
spores of Rhizofms spp. germinated except at extreme temperatures, 
hence, the percentage of germination could be used as a measure of the 
effect of temperature only by taking into consideration the time factor. 
The number of spores which germinate and cause infection in the case 
of decay- producing fungi of this tvpe is not of as much importance as it 
is in the case of organisms producing other types of diseases, such as 
leafspots. In the former case a host may be completely destroyed as a 
result of a single infection, while in Uie latter the total amount of damage 
done often depends upon Uie number of individual infections. In view 
of these facts the writers decided to use the time required for germina- 
tion to begin as the measure of tlie influence of temperature upon this 
phenomenon. Anderson (2), Melhus (14), Ames (r), Rands (16), 
Ravaz and Verge (17), Shaj)ovalov (29), and others have used this 
same criterion in their investigations. However, in no case is it made 
clear when these writers considered germination to have taken place. It 
is possible to use as a criterion the time when the maximum percentage 
of the spores have germinated or w^hen the spores which germinate first 
have produced germ tubes. With Rhizopus a few spores in each drop 
produce a germ tube first, followed very soon by others, the number 
gradually increasing so that in a short time nearly 100 per cent of the 
spores have germinated. The period intervening between the time 
when the germ tubes appear on tlie spores which are the first to ger- 
minate and the time when all the spores have germinated varies with the 
temperature, being shortest at the optimum and gradually increasing as 
the upper and lower temperature limits are approached. As a criterion 
of germination the writers decided to use the time necessary for the 
spores which germinate first to produce a germ tube equal in length to 
the diameter of the spores. Using the figures thus obtained, curves were 
plotted which show the variation in time due to the difference in tem- 
perature. The time necessary for the germ tubes to reach some specific 



Vol. XXIV, No. t 


Joumal of Agricultural Research 

number of microns in length might have been employed ; but the measure 
selected was easier to determine, since the spore was always present 
with the germ ti|be for quick comparison, while considerable time would 
have been required to bring the spore in line with the micrometer scale 
for measurement. In these studies time was a very important factor, 
since germination often occurred in three or four incubators at nearly 
the same time, often not over from 5 to 15 minutes apart. Some care 
had to be exercised, especially at the less favorable temperatures, as 
often one or a very few spores would start to germinate considerably in 
advance of the remainder. However, by examining the hanging drop 
cultures frequently it was possible to determine with a fair degree of 
accuracy the point sought. Slides were examined near the incubators 
and were kept out usually less than a minute Only at the higher tem- 
peratures was there any appreciable fluctuation as a result of o}:>ening 
the doors, and in such cases the normal temi)erature was quickly restored 
The results obtained from the study of the germination of the spores 
of K) of the species is shown by the curves in figure i. The germination 
of Rhizopus mayths spores was not studied for the reason that under 
the conditions under which the cultures were grown spores were not 
produced in sufficient quantity to carry out the experiment 

In the curves in figure i the time in hours necessar>" for the germ 
tubes to reach the length of the diameter of the spores was plotted on 
the abscissa, while the temperature in degrees centigrade was plotted 
on the ordinate. The maximum temperature for germination as indi- 
cat(‘d by the table is that temperature at which no germination took 
place The temperature at which germination will just take place is 
very difficult to determine, vSince at 1® or 2® C below the maximum it 
frequently starts and then stops before the germ tube reaches the diameter 
of the spore For example, Rhizopus artocarpi spores genninated readily 
at 32.3° while at 33 4® only alx)Ut one-half of i per cent of the spores sent 
out germ tubes, which finally reached a length e(|ual to twice the diameter 
of the spore and then stopped At 34 5® the spores became somewhat 
swollen, which is a condition always preceding the extrusion f»f the germ 
tube. After 4^ hours the spores had been killed at the two higher tem- 
peratures, as indicated by the fact that they failed to germinate when 
placed at a temperature favorable for germination. Similar results were 
obtained with other species No attempt was therefore made to estab- 
lish a definite maxiniurn, but it may be said that in general it is some- 
where from 1° to 2° lower than the temperature plotted as being the in- 
hibiting temperature. In every case where there was no germination 
within 24 to 48 hours the spores were found to have been killed The 
temperatures just above the maximum which inhibited germination of 
the spores of the different sj)ecies are as follows- artocarp'i, 34.5'^, irtim, 
cklcmat, oryzac, and arrhizus, 45 5'^; chinensis, 52®; rcflexus, 38®; 

nigricans and nvurosporus, 34°. The lower temperature limits for germi- 
nation for only two of the species, nigrtcans and microsporus, are shown 
by the curves, since in all other cases the time for germination at the 
minimum temperature was more than 100 hours. The spores of chtnenyi.^ , 
oryzae, and drlcnuir had not germinated during 30 days’ exposure at 8.5®, 
7°, and 7"^, but germination did take place in that length of time at 
temperatures of 10®, 9°, and 8.7°, respectively. On the other hand, 
the spores of the remaining species, reflexus, arrhizus, tritici, nodosns, and 
artocarpi, germinated at 1.5®, the lowest temperature tried, in 5, 15, 22, 
14, and 6 days, respectively. The percentage of spore germination at 
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this temperature was often small, and only in the case of reflexus did any 
appreciable growth take place within the time limit of these experiments 
(30 days). 

The optimum temperatures as obtained by this method are as follows : 
artocarpi, 26° to 29^ C.; nigricans and microsporus, 26° to 28°; iritici, 
delemar^ nodosusy oryzae, and arrhizus, 36° to 38°; reflexus 30° to 32°; 
cJnnensis, 43° to 45° C. Any attempt to determine a closer optimum 
seemed impracticable, since the rate of germination at these temperatures 
is so nearly the same. For the convenience of the reader and for the 
greater ease of comparing the effect of temperature on germination, 
growth, and fruiting these data are set forth in Table I and will be 
referred to later. 

The curves (fig. 1) show that the species studied fall into three groups 
according to their response to temperature. Chinensis stands out con- 
spicuously as a species with a high optimum, although there is a con- 
siderable range through which good growth will take place. In fact, 
this species has a wider temperature range, about 30*^ C., through which 
the spores germinate readily, tlian any of the others studied, which 
indicates that it is less sensitive to heat. Aitocarpi probably stands at 
the other extreme, although its spores germinate well within a range 
of 20° (10° to 30®). The drop on both sides of the curve is very abrupt. 
Owing to its sensitivity to heat considerable difficulty was at first ex- 
perienced in keeping this fungus alive. This species was the most 
erratic in its behavior, requiring more study to determine its temperature 
relations than any of the other species. 

Along with artocarpi as species with comparatively low optimums and 
rnaximums may be placed reflexus y nigricans, and micros porus. The 
results seem to indicate that the two latter species have the lowest mini- 
mum, since their spores germinated much more quickly at the lowest 
temperature tried. 

The remaining five species arc very similar in regard to their maximum 
and optimum temperatures, differing only in the time necessary for germi- 
nation, which vanes at the optimum from 3 hours {oryzae) to 5 ^2 hours 
{arrhizus). As pointed out above, hoAvcver, these species also differ in 
their lower temperature limits in that the spores of oryzae and drlemar 
failed to germinate at 7^ C. while those of the other three germinated 
at I 5°. 

The temperature relations of several species of Rhizopus have been 
studied by Hanzawa (9) and Lendner (7 ?, p. / ri-uy). The former sepa- 
rated nigricans from the other species studied by him by the fact that it 
was the only one which did not grow at 37‘^ C., and the latter separated 
it from oryzae because it did not grow' on potato at 39°. Hanzawa states 
that mgricans would not grow at blood temperature (35° to 37°) He 
also found that chinensis spores did not germinate at 6® and that those of 
delcmar would not germinate below 12® or above 42°. Hagem { 8 ), w'ork- 
ing with Mneor {Rhizopus) nodosus (Namyslowski) , found that its 
spores did not germinate at 43° to 44° C. Ames (7) found that the 
spores of R. nigricans failed to germinate at 1° or at 42° but germinated 
at 3° to 4° and 41°, the optimum being from 38*^ to 41®, where germina- 
tion took place in hours. Stevens and Wilcox {20) found Siat this 
fungus could mature a few sporangia on ripe strawberries at 36° to 37°. 
The difference in temperature limits given by different investigators 
for this fungus is difficult to understand. This disagreement in results 
might be due to several causes, such as the use of different strains, to 
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incorrect identification or to mixed cultures, to the influence of the 
culture media, etc. A comparative study of different strains of nigricans 
which the writers have under way may throw some light upon this 
subject The variation in temperature between different parts of an 
artificially heated incubatur is a factor which can not be overlooked. 
The upper strata of air in an incubator whose temperature is measured by 
meam: of a thermometer inserted through an opening at the top has been 
found to be in some cases from i to several degrees warmer than that at 
the center or bottom. In chaml>ers heated by a water jacket the writers 
have recorded a difference of 5° between the temperature of the air at 
the top and bottom of a chamber, a distance of only 16 inches. In the 
present investigations the thermometers were compared with a standard- 
ized thermometer and then the bulbs were lowered to the immediate 
vicinity of the cultures in order to obviate as nearly as ])ossible this 
source of error. 

Dunn (5) found that the plus and minus strains of nigricans with which 
she worked differed somewhat in their temperature relations. The 
minus strain seemed to be more vigorous, since it had a slightly higher 
optimum than the plus and grew at both a slightly higher and a lower 
temperature. The optimum for growth by the minus strain lay between 
25® and 28® C , which agrees closely with that obtained by the writers— 
approximately 25°. The maximum temperature for the growTh of the 
minus strain was about 31®, which also agrees closely with that obtained 
for the strain studied by the writers Dunn found a considerable differ- 
ence in the optimums for different strains of Rhizopus from strawberries 
The optimum temperature for one strain was about 36°, while that for 
other strains Avas approximately 27° or 28°. However, she expresses 
doubt as to whether she was working with strains or species, and since 
several species of Rhizopus are capable of decaying strawberries (rr) 
she may have worked with a species which thrived Viest at a higher 
temperature rather than with a strain 

INFLUENCE OF TEMPERATirRE ON GROWTH 

Having determined the effect of temf)erature on germination, its 
influence on the continued growth of the germ tubes and resulting 
mycelium was next studied. This was done by measuring the daily 
increment of growth on agar in Petri dishes. The results are shown 
graphically in figures 2 to 12, in which the base line shows the tempera- 
ture in degrees centigrade and the perpendicular shows the diameter of 
the mycelial disks at stated intervals of time. 

An examination of these figures shows that they possess some common 
characteristics. Each series, for example, originates at scattered points 
to the left (the lowest temperatures tried at which growth did not take 
place within the given time) , then rises in the direction of the optimum, and 
finally falls to a point at the right (the temperature at which no growth 
took place) . From these figures it is evident that some growth took place 
at the maximum temperatures during Uie first 24 hours, while at the 
minimum temperatures growth did not begin until sometime later. 
The optimum temperature in all cases remains the same within the time 
shown in these graphs. 

The lowest temperature at which growth of maydis and arrhizus was 
observed was 7.4® C. after 7 and 12 days, respectively. Hanzawa (9) 
found that arrhizus could make some growth at 6®. The writers did not 
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Fio s. — Graph showing the rate of growth of RbisoPus mtcrosporut at different temperatures. 
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try a leinperature between 7.4® and 1.5°, but it is quite probable that 
growth will take place below 7.4° if sufficient time is allowed, since the 
spores germinated at i.5°‘ Growth by tritici^ nigricans, and nodosus at 
6.5° began after 12, 8, and 10 days, respectively. These fungi also made 
some growth at 6° to 8° in Hanzawa's experiments. Microsporus and 
reflextis are the lowest temperature forms so far as growth is concerned. 
They began to make an appreciable growth at 1.5, the lowest temperature 
tried, after 10 days Artocarpi, a low-temperature form as indicated by 
its optimum, made some growth at 9° but none at 7°, while chinensu, 
which has a high optimum, made some growth at 10.4° but none at 7.5°; 
in other words, growth was inhibited at practically as high a temperature 
ill the low- as in the high- temperature form. At 1 1° and 9.8° oryzae and 
delcmar, two forms very closely related both morphologically and physio- 
logically, made some growth in 4 and 16 days, respectively. However, 
7 5° growth was entirely inhibited. Oryzae was not subjected to any 
temperature between 11® and 7.5°, so it is possible that some growth 
might have taken place at a temperature somewhat below 1 1 Han- 
zawa found that this species made some growth at 6°, while the upper 
and lower limits for dclefmr were found to be 12® and 42®, respectively. 
It may he said, then, that the minimum temperature for growth varies 
with the time for the first 5 to 15 days, depending upon the species. 
After that time the true minimum — that is, the lowest temperature at 
which growth will take place regardless of the time — is reached. Thus 
growth decreases as tlie temperature is lowered until a point is reached 
where it is entirely inhibited. However, cultures which failed to grow 
after 30 days at the inJiibitive temperature or lower develop rapidly when 
transferred to a more favorable temperature, showing that the proto- 
plasm of the spore has sulTered no hamiful effects. These results are in 
general accord writh those of other workers with other organisms 

It was pointed out above that there was visible growth at the 
inaxinuini temperature by the end of the first 24 liours in each species 
It woiilf! appear from the graphs that the maximum temperature in all 
cases IS fixed — that is, that it does not change during the course of the 
experiments as does the minimum However, this is not the case. 
Pelt mar, for example, made a groAvth about 9 mm in diameter at 41® C 
in the first 24 hours, which reached 10.5 mm. during the following 
24diour period and thou ceased altogether, the mycelium failing to grow 
when placed at a favorable temperature. In this case the maximum 
for the first 48 hours was about 41°, after which even at 38® the growth 
was considerably retarded although not inhibited within the time limit 
of this experiment. Shifting of the maximum Avas noted with the other 
species. No doubt if temperatures sufficiently close were tried over a 
considerable length of time and by a method sufficiently delicate to 
determine accurately very small increments of growth a so-called shifting 
of the maximum would be found in all cases. As the temperature rises 
above the optimum a retarding soon followed by an inhibiting effect 
is noted. A comparatively short exposure to the inhibiting temperatures 
results in the death of the organism, although it is possible that a tem- 
perature slightly below the maximum established might be found whit'h 
would inhibit growth for a considerable length of time and yet would 
not kill the fungus. Fawcett (6) has found a similar shifting of the 
maximum. Shifts from 36° to 31®, 38® to 35°, 46° to 35° were noted in 
Pyihiacystis citrophihora Smith and Smith, Phyiophthora terresiria Sher- 
bakoff, and Diplodia natalensis Evans, respectively. All of these fungi 
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showed a lowering of the apparent optimum of from 3.5° to 6°. Pho- 
mopsis citri Fawcett, however, did not show similar changes. No such 
change in the optimum for growth of the species of Rhizopus studied 
by the writers was noted. It is possible that if the fungi had been grown 
for longer periods of time some such shifting of the optimum would have 
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become apparent. Ilauzawa (9) found that the cardinal temperatures 
for some of these fungi were as follows: Delemar, nigricans, arrkizus, and 
nodostis have niaximums of 42*^, 35® to 37°, 42®, and 43° to 44®, respec- 
tively; oryzac, iniici, and chinensts all made a good growth at 38® to 42®; 
while the optimums for delcmar, oryzae, and iritici were 30®, 30® to 40°, 
and 30® to 35®, respectively. Hagem { 8 ), on the other hand, found that 
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nodosus, nigricans, and arrhizus had for their upper limits 43® to 44^, 
33.5°, and 4.2®, respectively; Lendner (/?) gives 30° to 35® as the 
optimum for iriitci and 30® to 40® as that for chinensis; while Bruderlciii 
states that maydis makes its optimum growth at 39®. This is con- 
siderably higher than that obtained by the writers. No explanation 
for this apparent difference can be given 
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Fig 14 — Graph showing the increase of growth of Rhtzopus HtQrtcans for consecutive 24-hour periods 


Graphs (fig. 13 to 23) were constructed to show the variation in the 
growth rate at different temperatures for successive 24-hour periods. 
The oidinates represent diameter increase in millimeters while the ab- 
scissas represent successive 24-hour periods after exposure to a given 
temperature. An inspection of these graphs shows that for most of the 
fungi the niaximtim rate of growtli was attained during the second 24- 
hour period, the exceptions being delemar and chmetisis, which reached 
their maximums one day later. The data for nodosus, although not alto- 
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Pio rs.'**Craph showing the increase of growth of RkixoPus reJUxus for consecutive 34-hour {periods 
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gather consistent, seem to indicate that it makes its most rapid growth 
some time after the second day. The growth rate varied with the tem- 
perature in most cases. In arrhizus, tritici, maydis, and artocarpi the 
obvious discrepancies are at the low temperatures, where the curve con- 
tinues to rise after the second day. Certain of the ivaigi—oryzae, arU)- 
carpi, arrhizus, and nigricans -show a rather rapid decline in the rate of 
growth after the maximum is attained, while others, such as microsporus, 
delemar, and reflexus, show a more gradual decline. In chtnensis, so far 
as the data show, there was no reduction in the rate of growth up to the 
time the nlates were covered. 



Fi<» \ti — Orrtph showing the iucrease of growth of Rhtzopus murosporus for consecutive 24-hout iktiihK 


Fawcett { 6 ) found that the fungi investigated by him made their great- 
est increase in growth during the first two days at the lower temperatures 
and continued to increase at a more gradual rate thereafter. Over a 
small range of the higher temperatures the rate first increased and then 
remained more or less constant till the end of the experiment, while at 
the highest temperatures a continuous decrease was noted from the first 
observational time. In general these results agree with those of the 
writers. Only in oryzae, artocarpi, and tritici at the highest tempera- 
tures (38°, 27.5°, and 42° C., respectively) do the graphs show a decrease, 
beginning with the first 24 hours. Nevertheless the fact that the maxi- 
mum shifts, as explained above, indicates that such a condition would 
have been found to exist had the proper temperatures ^for example, 
temperatures very near the maximum — ^been used. 
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INFLUENCE OF TEMPERATURE ON FRUITING. 

It has been repeatedly demonstrated by different investigators that 
the range of temperature at which fungi will sporulate is not coextensive 
with that at which they will grow. It has been proved that the various 
species of Rhizopus often cause considerable damage to vegetables and 
fruits. Although under suitable environmental conditions the causal 
organism can spread from host to host by means of their mycelium, their 
distribution is accomplished largely by means of the spores. It was 
therefore thought that information regarding the effect of temperature 
on sporangia formation, especially at the lower temperatures, might be 
of considerable practical value. The data accumulated during these 
studies are given, together with the data on the effect of temperatures 
on spore germination and growtli, in Table I. In all cases those tem- 
peratures at which no growth took place and those at which some growth 
was made are listed in the columns headed “absent*’ and “present,” 
respectively. The results show that fruiting of these fungi takes place 
over a considerable range of temperature. The optimum for some of 
the species is rather sharp and can be easily determined, while in other 
cases it extends over several degrees. Chinensis, nigricans, and arto- 
carpi, which showed very sharp optimums for spore germination, fruited 
about equally well over a considerable range of temperatures. On the 
other hand, arrhizus, reflexus, and nodosus respond readily to tempera- 
ture, both in regard to germination and fruiting. 

Although artocarpi belongs to the low-temperature group, when its 
optimum is considered it stands among the highest-temperature forms 
with respect to its minimum for fruiting. Nigricans and reflexus, two 
low'- temperature forms, also have a low’ minimum for fruiting; whereas 
(htnensis, which has the highest optimum and maximum, has about 
the same minimum as the intermediate forms. The group consisting 
of triiici, delemar, arrhizus, oryzae, and nodosus has practically the same 
minimum, optimum, and maximum temperatures for both growth and 
fruiting. Hanzaw’a (9) found that delemar and nodosus did not fruit 
at 37° to 42° and 38° C., respectively. The maximum for arrhizus 
and chinensts was found by Hanzawa to be 36° and 38° to 42®, respec- 
tively. Of the five species just mentioned, tritici and nodosus alone 
formed sporangia at 8° to 10°. Hageni ( 8 ) gives 38° as the upper limit 
for nodosus and 36° as the maximum for arrhizus. 
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Tabus I. — Minimum, optimum, and maximum temperature in degrees centigrade for 
sf>orp norminahon, mycelial growth, and fruiting for ii species of Rhizopus 
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nigricam . . 
icflexus.. . 
micros porus 
triUci 
delemar 
nodosus . 
oryzae 
arrhizus 
maydt r 
thinen<us 




Spore germination. 


•los. 

Minimum 


Mfiximuni. 


i 


Opti- 






mum 




1 Absent. 

Present. 


Present ' 

Absent 

i 

I 5 

26 to 29 

33- 5 

34 


I* 5 

26 to 28 

33 

34 

' 

1-5 

30 to 32 

36 6 

38 


I 5 

26 to 28 

33 

34 

i 

1-5 

36 to 38 

44 

45- 

1 7 

8.7 

36 to 38 

44 

45- 


1-5 

36 to 38 

44 j 

45- 

1 7 

9 

36 to 38 

44 1 

45- 


I 5 

I 36 to 38 

43 6 

45- 

; '' 

TO 

43 to 45 

1 

51 1 

1 

52 


Species. 


Mycelial 


Minimum 


at hear pi 

nigricans 

rejiexus 

micros pof us 

tritici . 

delemar 

nodosus 

oryzae 

arrhizus 

maydis 

chin cv SIS 


Absent 


7 5 
I 5 


S]>ecies 


arhearpi . , , 
nigrnans .. 
reflexus . . . . 
mtcrosporus. . 

tritici 

delemar 

nodosus . . . 
oryzae. 

Arrhizus 

maydis. . 
rhinensis 


Optimum. 


Present 


9 

6 5 
I 5 
I 5 
6-5 
9 8 

6 5 
n 

7 4 
7 4 


to 28 
to 26 
to 28 
to 27 
to 35 
to 34 
to 35 
to 34 
32 5 to 35. 5 
30. 5 to 32. 5 


Msiximum 


j Present ' Absent 

_i 


32 

30 7 

33 

30 

42 

41 

41. 5 

42 

40. 9 
40 


33 

31 - .5 

34 

32 

45 5 
45- 5 
45- 5 
45- 5 
44 9 
44 5 


7 5 1 

J 

10 4 ! 37 

. 5 to 40 5 1 

_ I 

49 

1 

1 

! 

! 


Fniiting 



1 Minimum. 

1 

! Maximum 

! 


Opti- 


_ - _ 

' Abst'nt 

Present. 

mum 

Present 

Absent 

i 12. 5 

i 

17 

22 to 27 

30 

32 

1 7 ' 

10 

23 to 28 

30 

32 

1 7-6 

10. 6 

26 to 28 

31 

32- 

i (‘) 

(‘) 

0) 

(‘) 

(‘) 

1 12 

16.5 

32 to 34 

40 

45 

: 12 

15 

32 to 34 

38 < 

40 

1 12. 5 

17 

32 to 35 

37 I 

38. 

1 

IS 

32 to 36 

37 

40 

II 

IS 

32 to 34 

1 37 

40 

12 

16 ’ 

35 to 40 

45 

SO 


’ NTot tested. 



Apr. 7 . 1933 


T emperature Relations oj Eleven Species of Rhizopus 33 


CERTAIN ENVIRONMENTAL FACTORS INFLUENCING GERMINATION 

AND GROWTH 

TEMPERATURE AT WHICH THE SPOREvS ARE PRODUCED 

Wiesner {22) found that the temperature at which the mycelium of 
Penicillium glaucum Link developed influenced the time required for 
the germination of the spores. For example, he showed that spores 
which matured at 14° C. germinated more quickly at 3° than those which 
had developed at 3*^, while the spores that were produced at 22® germi- 
nated more slowly than those produced at 14®. The influence which the 
growing temperature of Rhizopus nigricans has on the germination of 
its spores has been studied to some extent by the writers. Stock cul- 
tures were grown for 7 days on Irish potato agar in Erlenmeyer flasks 
at 16®, 24°, and 27®. Spore suspensions were prepared in portions of 
the same solution. The hanging drops were prepared as previously 
described and incubated at 26®. The spores grown at 16®, 24®, and 27® 
formed germ tubes as long as the spores in 2 hours, in 2 hours and 5 
minutes, and in 2 hours and 25 minutes, respectively. Similar tests 
were made with ddemat with the following results Spores produced at 
20.3®, 27.5®, 31.5®, and 365® germinated at 3O.5® after 3 hours and 45 
minutes, hours and 50 minutes, 4 hours and 45 minutes, and 7 hours -f 
(no germination wathhi 7 hours but some later), respectively. Tests 
with some of the other species showed a similar tendency — that is, 
spores which were produced at the lower temperatures germinated more 
quickly than those irom cultures grown at higher temi)eraturcs. It was 
thought thal possibly the clifTereiice in the rate of germination of the 
spores produced at different temperatures v\as due to a difTerence in age. 
The physiological activities of the organism £ire admittedly more rapid 
at the iiigher temperatures, the spores therefore being produced more 
quickly and probably aging more rapidly. In order to determine 
whether the difference in the rate of germination of spores produced at 
different temperatures might have been due to the age of tlie spores in 
the foregoing ex])eriments, another test was made in the folkming 
manner Fifteen 100-cc, Urlenmeyer flasks, each containing 30 cc. of 
Iri^>h potato agar, were inoculated with a loop of a suspensioii of nigricans 
spore^ luve of these flasks were then held at each of the following 
temperatures 10®, 20®, and 2O®. The time required for the devclf>p- 
ment of the sporangia was noted in each case, and germination tests 
were made from time to time. The tests were conducted at 25.5®. 
The spores from cultures ^^hich had been fruiting for 3, 5, 8, and 12 
days at 20® and 2(d germinated in 3^4 hours. One flask held at 26® 
became contaminated and was discarded. The final test for the spores 
produced at 20® was made after 20 days, and the time required for 
germination was the same iis wdien the other tests had been made. 
I'lie spores profluce;! at 10® when 3, 5, and 13 days old required only 
2>V hours for germination to start. The other two cultures failed to 
fruit. These experiments show^ first that spores i)roduced at the lowest 
temperature (10®) germinated 30 minutes earlier than those formed at 
20® and 26®, and second that the age of the spores, at least up to 20 
days, did not influence the time necessary for the beginning of germi- 
nation. It is quite evident from these results that it is important to 
grow the stock cultures used in comparative experiments at the same 
temperature. 

'W>15— 23 3 
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Experiments weie next conducted to determine whether the intliience 
of temperature on the germination of tlic spores is reflected in the rate 
of mycelial growth. Irish potato agar contained in 5 Petri dishes was 
inoculated with a loop of a spore suspension from cultures of tritici and 
delemar grown at 20.5°, 27.5°, 31.5°, and 36.5° C. The plates were held 
at 34° to 35°. At the end of 24 and 48 hours the growth of iritici had 
reached a diameter of 50.6, 50.8, 48, and 45.8 mm. and 84, 92,82, and 
79.5 mm., respectively. The growth of dvlemar measured at the end 
of 24 and 48 hours 46, 42, 40.5, and 34.6 mm. and 79.5, 81.4, 77, and 
78.8 mm., respectively. In general tritici showed a slight decline in 
the rate of growtfi when the spores were grown at the two highest tem- 
peratures. Dcleinar showed a more marked difference at the end of the 
first 24 hours, there being a gradual decrease from 46 to 34.6 mm. ; but 
this was largely overcome during the next 24 hours, as shown by the 
fact that there w^as less than i mm. difference between the two extreme 
tem[)eratures. I'he temperature at which the spores are produced 
undoubtedly influences their rate of germination and the early period 
of the growdh of the mycelium developed therefrom. The evidence 
seems to point to the fact that different species react differently in this 
respect, some being much more sensitive to small changes in temperature 
than others. 

culture media 

Tests were also made to determine to what extent, if any, different 
media would affect the rate of germination of mgricans spores. The 
media used were sweet potato decoction, beef !)Ouillon, distilled water, 
string bean agar, Irish potato agar, and a synthetic agar. The media 
were placed on cover slips, spores from a single culture were sifted on, 
and the slips were then inverted over glass rings on slides in the usual 
manner and incubated at 26° C. The time necessary for germination in 
each case was as follows. Sweet potato decoction, 2 hours; beef bouillon, 

2 hours and 25 minutes; distilled water, 3)2 hours; string bean agar, 2 
hours and 10 minutes; Irish potato agar, 2 hours and 20 minutes, and 
synthetic agar, 3 hours. Sweet potato decoction proved the best solu- 
tion tried, and string bean the best agar. This experiment w^as dupli- 
cated on different days, using spores from a different culture with very 
similar results. It seems clear tliat Rhizopus spores require something 
more than w'ater for good germination, since in distilled water a much 
smaller percentage of the spores germinated, and the germ tubes pro- 
duced were considerably more slender than y^iose supplied with nutrients 
Tap water was found by comparative tests to be a less favorable medium 
for tlie germination of these spores than distilled w^ater. 

In order to test the effect of the substrate upon the rate of mycelial 
growth, plates were prepared in the usual manner, using string bean and 
Irish potato agars. The plates were inoculated with a platinum loop of 
the same suspension of nigricans spores in sterile distilled water. Five 
plates of each agar were used at each temperature. Measurements of 
the diameters of the mycelial disks were made in the usual way, and an 
average taken of the growth on each medium at the different tempera- 
tures. The results are given in Table II. 
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TabIvK IJ — Comparative raU of growth of Rhtzopus nigricans on string bean and 
lush potato agars at different temperatures 
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48 
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The data show lliat for the most part mgricans grows nearly twice as 
fast on string bean agar as on Irish potato agar. The plates of bean 
agar at 25.7® C. after 48 hours were completely covered, and it was evi- 
dent that the diameter of the growth would have been somewhat greater 
had it not come in contact with the edge of the dish. The plates at 
23.3^ were just covered. The difTerence in the amount of growth on 
the two agars at 1 1 was very slight but yet apparent. The cardinal 
temperatures on the two media appear from the result of thCvSe experi- 
ments to be about the same However, to determine this point with 
certainty, much closer temperatures than those used by the writers would 
have to be employed 

DRXTROSH 

While studying the effect of different culture media upon growth it 
w^as observed that nigricans grew at 30° C. on a synthetic agar but 
failed to do so on the oUier media used. 

It was thought that perhaps the differences in tlie acidity of the media 
might account for this shifting of the maximum temperature. Hence, 
an experiment was prepared in which Irish potato and beef agars made 
up to the same H-ion concentration as the S3nithetic agar, were used, 
together wdth synthetic agar as a control. The fungus, however, failed 
to grow on either of the modified agars at 30® C,, but did grow on the 
synthetic agar. This experiment demonstrated that the H-ion concen- 
tration of the media was not the cause of the shifting of the maximum 
temperature of this fungus. 

The synthetic agar differed from the other agars in sugar content as 
well as acidity, and for this reason tests were made to determine the 
effect of the addition of different quantities of dextrose to the media. 
Irish potato and beef agars were prepared to contain roughly i, 5, 10, 
15, and 20 per cent and carrot agar 1,5, and 10 per cent dextrose. Ten 
plates were prepared in the usual way with these as well as with unmodi- 
fied string beans, com meal, and sweet potato agars. Plates of synthetic, 
Irish potato, beef, and carrot agars were prepared in the same manner 
and held as controls. All tlie plates were held at 30® C. for 48 hours, 
when the diameter of the growth was measured. This experiment was 
repeated several times. The average figures for all tests are presented 
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in Table III. In the cases where no growth is recorded the spores usu- 
ally had germinated and formed short germ tubes but never formed a 
spot which spread appreciably beyond tlie area covered by the drop of 
spore suspension. Exposure for 48 hours to a temperature at which no 
growth took place was sufficient to kill the fungus, as was shown by the 
fact that it failed to make a further growtJi 'when held for 24 hours at a 
temperature suitable for its development. 

TabLtI: III — Comparison of the growth made by Rkisopus nigricans at C. on different 

agars with and without dextrose added 


With addition of dextrose 


Agar used. 


Not modified 


Irisli potato 
Beef 

Carrot 

String bean. . 
Com meal 
Sweet potato 
Synthetic 


No grtjwth 
.do 
. .do 
. . do 
. . do 
do 
*47 


I per 

5 per 

1 

1 10 per i 

15 per 

20 pe 

cent. 

cent. 

1 

cent, i 

! 1 

cent. 

cent. 


Mm. 

I Mm. 1 

Mm. 

Mm. 

No growth 

7 

I 49 ! 

59 


do 

No growth 

30 i 

52 


do . 

do . ! 

i 

23 1 
‘ ^ ’1 

1 




^ Contained 20 per cent dextrose 


The table shows that the strain of nigricans used (4652) did not grow 
at 30° C. on any of the unmodified agars tried except synthetic agar, 
which contained 20 per cent dextrose as originally prepared. Upon 
the addition of 10 per cent or more of dextrose to Irish potato, beef, 
or carrot agar growlh did take place at this temperature. The addition 
of more than 15 per cent of sugar seemed to have little effect. 

After it viras determined that the maximum temperature for growth 
was raised by the addition of dextrose to the medium, experiments 
were conducted to learn the extent of this change. A loop of the same 
spore suspension was placed in the center of each of 20 Petri dishes, 
one-half of which contained unmodified Irish potato agar and the 
other half some of the same agar to which 2f^ per cent dextrose was 
added. The plates were then held at 31° C. Observations after .ijS 
hours showed that the spores had not germinated on the unmodified 
agar while an average growth about 5 mm. in diameter had been made 
on the agar with 20 per cent dextrose added. A slight additional 
growth was made after 48 hours longer on tlie agar with sugar added. 
The results of these experiments seem to justify the exclusion that 
the maximum temperature for the growtli of this organism on Irish 
potato agar is raised from 1° to 1.5° C. by the addition of 20 per cent 
dextro.se to the medium. 

That the presence of dextrose in the medium influences the minimum 
temperature was demonstrated by placing a loop of spore suspension 
in the center of each of 20 plates of Irish potato agar to one-half of 
which 20 per cent dextrose was added. The plates were then placed 
at a temperature of from 0.8° to 2° C. The spores had not germinated 
at the end of 17 days on the unmodified agar. On the other hand, germ 
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tubes of from three to five times as long as the diameter of the spores 
had formed on the agar containing 20 per cent dextrose. The differ- 
ences on the two agars seem to indicate that the presence of 20 per cent 
dextrose in Irish potato agar lowers slightly the minimum temperature 
for germination. 

To determine whether the optimum would be changed by the addition 
of dextrose, plates of each of the agars were prepared and placed at 
temperatures of 23, 26.5, 27.8, 28.7, and 30° C. Measurements of the 
diameters of the mycelial growths after two days at 23, 26.5, 27.8, 28.7, 
and 30° on the unmodified agar were 42, 65.6, 61, 51.8, and o mm., 
and on agar with 20 per cent dextrose added 66-4, 87.8, 92, 92, and 83.2 
mm., respectively. These figures show that the optimum for growth 
on the unmodified agar was 26.5®, while that on the agar containing 20 
per cent dextrose probably lay between 27.8 and 28.7°. The measure- 
ments of the diameters of the growths at 26.5, 27.8, and 28.7° after 
24 hours were 26, 36, and 34 mm., respectively, showing that the optimum 
was nearer 27.8° than 28.7° but nearer the latter than 26.5°, and was 
raised 1.5° to 2°. 

These experiments show rather conclusively that the presence of 
dextrose in Irish potato agar shifts the cardinal temperatures of this 
strain of Rhizopus nigricans. Thiele {21) also found that the addition of 
dextrose to glycerine and formic acid changed the maximum tempera-' 
tures for the growth of one species of both J^enicillium and Aspergillus. 
He observed that dextrose added to glycerine and to formic acid caused 
a shifting of the maximum temperatures for the growth of Penicillium 
of 5° and 4° C., respectively. The temperature maximums for the 
germination of Aspergillus spores and for mycelial growth were raised 
about 2® and 3°, respectively, by the addition of different amounts of 
dextrose- On the other hand the maximum for total growth was raised 
about 2° when growing on glycerine and lowered 3*^ on the higher con- 
centrations of formic acid. He concluded that the nutritive value of 
a substance is correlative to a certain extent with the temperature. 
Similarly, Bruderlein (3) foimd the growtli of R. maydis to be retarded on 
potato, almost arrested on carrot, and prohibited entirely on agar at 
42®. Peltier (15) showed that the minimum temperature for the growth 
of Psuedomonas ciiri Hassc when grown in beef bouillon and on soluble 
starch agar is slightly higher than on cooked potato cylinders, its maxi- 
mum being slightly higher in the former than on the two latter media. 
Likewise, Goss (7) found that Fusarium trichothecioides Wollenw. made 
its best growth on a synthetic solution at 25® and no growth at 5°. On 
the other hand, the optimum lay between 15® and 20°, and a weighable 
growth was made at 5® when this fungus grew on Link’s potato extract. 

Although it has been demonstrated by the writers and others that the 
cardinal temperatures of some fungi vary with the nature of the sub- 
strate, the principles underlying this phenomenon have never been 
explained. Thiele {21) attributes the shifting of the maximum tempera- 
ture of the fungi with which he worked to the different nutritive value 
of the substrate at different temperatures. It may be in the case of the 
writers' experiments that the dextrose when present in considerable con- 
centration (10 per cent or over) was more available and hence supported 
growth at a higher temperature than when it was present only in small 
amounts. It is a well-known fact that increasing the molecular con- 
centration of a solution raises its boiling point and lowers its freezing 
point. It is not known whether or not the increased concentration of 
the dextrose in the substrate causes a sufficient increase in the molecular 
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concentration of the cell sap, thereby protecting the protoplasm of the 
cell against coagulation by the heat to account for the raising of the 
temperature maximum i® to 1.5® C. The high concentration of sugar 
in the substrate may also act to lower the water content of the cells of 
the fungus and thereby increase the concentration of the cell sap which 
would tend to raise its maximum and lower its minimum. However, 
the true explanation of this phenomenon must await the accumulation 
of more experimental data. 


DISCUSSION 

It is apparent from the foregoing curves and tables that the cardinal 
temperatures for spore germination, grovrth, and fruiting of the fungi 
studied vary somewhat. In general the spores will germinate at a 
temperature too low for mycelial growth. A higher temperature is 
required for fruiting than for growth. The same thing holds true for 
the optimum temperatures, although not to the same extent. The 
optimum for germination is always higher than for growth and fruiting, 
while in most cases the optimum for fruiting is about the same as that for 
growth. The slight differences shown in T able I may be due to the fact 
that these figures give the optimum temperatures tried rather than the 
true optimums. The latter probably does not differ from the former 
more than a plus or minus i or 2° C., since the temperature of the incu- 
bators usually differed only from 2 to 5®, the maximum differences being 
between the extreme temperatures. The optimum temperature for 
fruiting is often not so well defined as that for growth, and the latter less 
so than for spore germination. 

In each case there is a gradual gradation in the maximum from that 
at which the spores will germinate to that at which fruiting will take 
place, the maximum for growth being about midway between that for 
germination and that for fruiting. This fact may be explained in part 
at least in two ways ; first, the spores germinate quickly, probably before 
the heat acts injuriously; and second, the spores are probably less sensi- 
tive to heat than are the germ tubes. Spores which before germination 
are uninjured by the heat may be readily killed after they germinate. 
At a slightly lower temperature growth becomes evident but ceases after 
a time, and the mycelium is killed before sporangia are formed. 

The time factor is of greater importance at the minimum than at any 
other temperature. At low temperatures, germination is greatly 
retarded, the growth being often so sparse that no measurable felt is 
produced within the time limit of these experiments. 

The genus Rhizopus includes some of the best known, most widely 
distributed and most destructive of the fungi. Nigricans is perhaps tlie 
most destructive, since it attacks a wide range of hosts under widely 
different conditions, being especially destructive to tomatoes, straw- 
bemes, and sweet potatoes. However, this species is somewhat limited 
in its field of destruction by temperature. For example, in these experi- 
ments its spores were killed by a comparatively short exposure at a 
temperature of 34° to 35® C., and made a very slow growth at 6.5® 
(35 mm. in 30 days) and no app^iable growth at 1.5° after 30 days. 
Although some variation in its l^ponse to temperature on different 
substrates may be expected, th^ is little doubt that decay of fruits and 
vegetables by this organism can be prevented or retarded by proper 
cold storage. A temperature as high as 7® or thereabouts will prevent 
fruiting for several days and hence retard the spread of this fungus. It 
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must be kept in mind, however, that other species may be destructive 
at temperatures which are not favorable for the development of nigricans ^ 
although at the present time little is known regarding the distribution 
and destructiveness of the other species under natural conditions in 
the United States 

SUMMARY 

(1) The effect of temperatures on the spore germination, mycelial 
growth, and fruiting of ii species of Rhizopus has been studied, and the 
results are presented in this paper. 

(2) These ii species fall into three groups as regards their response 
to temperature. Chinensis has a temperature maximum and optimum 
several degrees higher than any of the other species and hence can be 
easily separated from them; nigricans, microsporus, reflexus, and artocarpi 
make up a group having a low optimum and maximum; while the 6 
remaining species, namely, tritici, nodosus, delemar, oryzae, arrhizus, 
and maydis constitute an intermediate group. 

(3) general the spores will germinate at a temperature above the 
maximum for continued growth. 

(4) The optimum for germination for all the species is higher than for 
growth and fruiting, while in most cases the optimum for fruiting js 
about the same as for growth. 

(5) The temperature at which the spores are produced influences to 
some extent their rate of germination and the early period of the growth 
of the mycelium developed therefrom. Spores of nigricans produced 
at 10° C. germinated in 30 minutes less time than those formed at 20^^ 
and 26®. Spores of this species from different cultures grown under 
like conditions germinated equally well, regardless of age, up to 20 days. 

(6) Spores of nigricans germinate in a considerably shorter time in a 
nutrient solution than in water. Sweet potato decoction proved to be 
the best liquid and string Ijean agar the best solid medium tried. In 
the comparative tests made this fungus grew nearly tv.dce as fast on 
string bean agar as on Irish potato agar. 

(7) The presence of 20 per cent dextrose in Irish potato agar changed 
the cardinal temperatures of the strain of nigricans studied from i 
to 2® C. 

(8) Nigricans, which seems to be the most destructive member of this 
genus, under natural conditions is somewhat limited in its field of destruc- 
tion by temperature. The spores were invariably killed at 35° C., and 
growth was very sparse and slow at 6.5®. At 1.5® no appreciable growth 
was made on Irish potato agar in 30 days. 
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concentration of 125 parts per million is just about the concentration 
producing the best growth under these conditions, as shown by other 
work; and as will be seen later, there was very little likelihood of the 
plant absorbing very much more plant food than was actually needed for 
its development. 

Beginning with the fifth day after the seeds were placed in the solution, 
on every third day enough plants for an analysis were drawn from the 
pans, care being taken to draw some plants from each pan to equalize 
variations in the cultures as much as possible. When one of the culture 
pans fell below the normal it was discarded. In this way a representative 
set of plants could be withdrawn each time. The anatyses of the plants, 
together with that of the original seeds, are shown in Table I, the results 
being expressed on the basis of 100 plants. 

Taei^e I . — Analyses of 100 wheat seedlings^ grown in nutrient solutions, at different 

stages of growth 


No. 

Stage of growth. 

Dry weight 

N 

KiO 

PiOi 



Gtn , 

Gtn 

Gtn , 

Gtn 

I 

Original seeds 

2. 14 

0. 0490 

0. 0295 

0. 0210 

2 

5 days old 

1.89 

• 0565 

. 027a 

. 0184 

3 

8 days old .... 

2. 05 

.0742 

. 0489 

.0250 

4 

II days old 

I. 82 

. 0812 

. 0S69 

1 . 03®^^ 

S 

14 days old. . . 

I- 95 

. 0924 

. 1203 

1 . 0336 

6 

17 days old.. . . 

2. 30 

. 1160 

. 1311 

. 0570 

7 

20 days old.. 

3 - 04 

. 1410 

. 1466 

. 0740 

8 

23 days old., . , * . . 

3 5 ® 

. 1946 

! . 1610 [ 

. 1020 

9 

26 days old . 

4. 64 

1 2130 

[ . 2018 ' 

i _ 1 

1220 


It will be noticed that there is a falling off in dry weight, in potash, and 
in phosphoric acid, but nqt in nitrogen, up to the fifth day. The loss in 
weight is, of course, due largely to ^e decomposition of starch and sugar 
of the seeds and to the evolution of carbon dioxid. This loss often 
amounts to as much as 40 per cent of the dry weight before enough 
plant food and carbon dioxid are absorbed to balance the loss. Many 
experimenters with wheat seedlings, when using dry weight as a crite- 
rion, fail to realize the fact that in the first stage of growth they are 
dealing with a diminishing quantity. The loss of potash and phos- 
phoric acid always takes place at the beginning of germination, due to 
the exudation of these plant foods from the seed. It might be added 
that these very salts that are exuded from the seeds are absorbed by 
the seedling in a few days or as soon as the radicle has become suffi- 
ciently developed. There is usually little exudation of nitrogen for the 
reason that the nitrogen of the seed exists in organic combinations, pro- 
tein, and is not readily dissolved out by water. 

These results when plotted are represented by figure i. 

By cutting the curves through any particular date it seems possible 
to determine the relative demand of the plant at that age for the three 
important plant foods. It is also evident that the relative demand for 
food changes very rapidly as the plant develops. Beginning about the 
fifth day, when the plants begin to feed, the curve for pota^ rises very 
rapidly. The little seedling awakes to life with a ravenous appetite for 
pot^h, out of proportion to other plant foods. When the seeds are 
moistened and warmed preparatory for germination, the potash which 
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is stored up in the seed, and which is fairly evenly distributed through 
it, begins to move very rapidly toward the end containing the germ or 
embryo. In the germination, when the embryo has broken through the 
bran coating and is just large enough to get hold of vdth the thumb 
and fhig^ nails, it contains about 50 per cent of the total potash of the 
seed, lire seed does not contain enough potash to satisfy the demand 
of the little seedling, so it begins early to feed heavily on the nutrient 
of the solution. I^obably, in the natural course of life, the very jfirst 
food absorbed by the little seedling is potassium. The absorption of 
nitrogen is steady and comparatively uniform, so after 18 or 20 days 
the curves for potash and nitrogen cross each other. The absorption of 
phosphoric acid is regular also. 



Without submitting all the data, the curves for a duplicate determina- 
tion, made about one month later, are given in order to bring out the 
crossing of the curves of nitrogen and potash (fig. 2). 

The data presented give an idea of the nutrition of a plant when 
feeding full time and under favorable conditions.’ But a plant in nature 
does not necessarily have ideal conditions in which to grow. A low 
moisture content of the soil may temporarily put a stop to nutrition or 
the fluctuation of plant food, particularly nitrates, in the soil solution 
may also slow down, or even stop, absorption. It is, therefore, important 
to know what percentage of the time is actually necessary for absorption 
and whether a plant can absorb enough plant food in one period of time 
to last it over another. 
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DEMAND OF WHEAT PLANTS GROWN IN NUTRIENT SOLUTIONS FOR 
FRACTIONAL PARTS OF A DAY 

Seedlings were placed in culture pans containing a full nutrient solu- 
tion of a concentration of 125 parts per million eadi of nitrogen, potash, 
and phosphoric acid, as before described, and allowed to feed for frac- 
tional parts of the day At the end of the period allotted to each lot 
to remain in the nutrient solution, the disks with the seedlings were 
taken up and washed off and placed in distilled water for the remainder 
of the day. This process was repeated daily for 10 days, and the plants 
then analyzed for nitrogen, potash, and phosphoric acid. In Table II is 



shown the number of hours each day the plant remained in the nutrient 
solution and the quantities of plant food absorbed. 


Tabi^e II . — Analyses of 100 wheat seedlings feeding fractional parts of the day for 10 days 


No 

Hours per day in nutrient solution. 

Ory weight 

N 

KjO 

PfO» 

I 

Control 0 

Cm . 

5 - 3a 

Gm . 

"Si: 

Gm , 

0. 0318 

Gm , 

0. 0420 

9 

1 

5 «i 5 

.0838 

. 0560 

3 

2 

5. 60 

. X022 

.1047 

.0750 

4 

4 

5- 50 

. tl20 

. 1366 

. 0840 

S 

6 

5. 80 

. 1540 

.1862 

. 0960 

6 

8 

5-30 

. x6to 

. 1940 

. 1040 

1 

12 

III 

. 2072 

.1858 

. to 6 o 

54 

•2355 

•2475 

, XX90 
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It will be seen by referring to Table II and figure 3 that the absorp- 
tion of plant food for i hour per day, and other fractional parts, is out 
of proportion to what might be expected if time alone governed absorp- 
tion. For example, subtracting the amount of potash in the original 
seed, or in the control, from the analysis of the plants grown i hour a 
day in the nutrient solution, we get 0.0520 gm. of potash actually 
absorbed by the plants during that time. In the same way by subtract- 
ing the control from those grown 24 hours a day in the nutrient solution, 



Fio. 3.— Graph illustrating the absorption of plant foods by wheat seedlings when grown for fractional 
ports of the day for xo days in nutrient solutions 


we get only 0.2157 g®- of potash actually absorbed in 24 hours. If 
the rate of absorption of the plants kept in the nutrient solution i hour 
a day had been maintained in the plants kept in 24 hours a day, we 
would have had an absorption of 1.248 gm. instead of 0.2157 gm. In 
other words, we get over five times as much potash absorbed in the 
i-hour periods as might be expected if time alone governed absorption. 
This phenomenon is true with other plant foods; the curves rise very 
abruptly from the start and flatten out as the time increases. The 
demand or desire for food seems to accumulate until the food becomes 
available; then an abnormal rate of absorption takes place. The figures, 
when plotted, are represented in figure 3. 
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The abrupt rise of the potash curve is noticeable, showing the demand 
for potash in the seedling was out of proportion to that for other plant 
foods. The cumulative demand, brought out in this experiment, seems 
to be true, not only for fractional parts of the day but for mudi longer 
periods. 

DEMAND OF WHEAT PEANTS AFTER BEING HELD IN DISTILLED 
WATER FROM 2 TO 17 DAYS 

Seven culture pans of soft wheat were germinated and grown in dis- 
tilled water for 4 days. One pan was then transferred to a nutrient solu- 
tion of 125 parts per million each, nitrogen (N), potash (KjO), and 
phosphoric acid (PjOg), while all the others were kept in distilled 
water. At the end of 3 more days a second pan was placed in the nutrient 
solution, and this process continued every 3 days until six of the lots had 
been taken from distilled water and placed in nutrient solution. They 
were then allowed to grow for 2 more days, when they were taken down 
and analyzed. Thus the first pan had l^en feeding from a good nutri- 
ent solution for 17 days, while the last pan had been feeding only 2 days. 
The last pan having been grown in distilled w’^ater for 15 days had no 
increase in growth over the control when placed in the nutrient solu- 
tion. The results of the analyses are shown in T able III. 

Table III . — Analyses of 100 wheat seedling}, grown two or more day}, in nutrient solutions 


No. 

iJayh Hi nutrient solution<i. 

Dry weight. 

N 

KjO 

PaO> 



Gm 

Gm 

Gm 

Gm 

I 

Control 0 ... 

6. 28 

0. 0840 

0 0613 

0. 0400 

2 

2 

6. 60 

. 1410 

. 1154 

. 0587 

3 

5 

6. 52 

. 1904 

. 1685 

.07 SO 

4 

8 .. . 

7. 12 1 

. 2268 

. 2090 

. 0813 

5 

n 

6. 80 i 

. 2674 

. 23.SO 

•0973 

6 

14 

6.80 i 

, 2604 

. 2361 

. 0908 

7 

17 

7. 00 1 

i 

. 2912 

. 2580 

. 1440 


It will be seen by referring to Table III that witli each plant food 
element the absorption for the 2-day period w^as out of proportion to 
that of the 17-day period. By subtracting the quantity of potash in 
the control, for example, from that of the plants grown for 2 days in 
the nutrient solution, we get 0.0541 gm. of potash actually absorbed 
in 2 days. In like manner, by subtracting the control from the 17- 
day plants, we get only 0.1967 gm. potash actually absorbed in 17 days, 
when we should get 0.459 gm. of potash if time alone governed absorp- 
tion. These results plot very well, showing that the demand is fairly 
regular and cumulative. This experiment was repeated, changing the 
plants in 2-day periods, with similar results. 

If Tables IV and V, showing the rates of absorption of the different 
plant foods, are studied, other interesting relations are brought out. 
From Table IV it appears that the absorption of potash for the short 
period is much more pronounced than the absorption of other plant 
foods. On the other hand, when seedlings are left in the nutrient solu- 
tion for a number of days (Table V), Sie absorption of potash and 
nitrogen shows a remarkable agreement in the rate. This is brought out 
in figures 4 and 5. 



G/?AMS PS/? HO l/P 



Mrs 


Fic, 5.— Graph iUiistratiag the rate per day of the absorption of plrat foods by wheat •eedlinss when 
grown for two or more days in nutrient solutions. 
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TablS IV . — Rate of absorption of plant foode per hour when wheat seedlings were feeding 
fractional parts of day 

[Brom Table III 


Hours per day. 1 

Rate of absorption per hour. 

N 

[ KsO 

P1O3 


Cirttt. 

1 Grn . 

Gm . 

I.. . . 

0 . OOII 2 

1 0. 00520 

0. OC140 

2 . . .... 

1 . 00126 1 

1 . 00364 

. 00165 

4 , 

. 00087 ; 

. 00262 

. 00105 

6 . . 

.00128 

. 00257 

. 00090 

8 

. 00114 

. 00203 

. 00078 

12 

.00108 

.00128 

.00053 

24 

. 00066 

. 00090 

. 00032 


TablB V . — Rate of absorption of plant food per day when wheat seedlings were feeding 

for long periods 

{From Table III] 


Rate of absorption per day 


uaya m solution. 

N 

KiO 



Gw . 

Gm . 

Cm 

2 . . 

0. 0285 

0. 02705 

0 C003 5 

5 ... 

. 031 ^ 

. 02144 

007 

8 

.01785 

. 01846 

. 00 516 

11 . . 

. 01667 

. 01579 

. 0052 r 

14 

. 0126 

, .01249 

. 00363 

n ... 

. 012J() 

1 01157 

t 

OCO12 


DEMAND OF WHEAT PLANTS GROWN FOR AN INITIAL PERIOD IN A 
FULL NUTRIENT SOLUTION AND SUBSEQUENTLY STARVED 

The second of the two experiments described above was made in an effort 
to measure the demands for plant food that might be developed in plants 
that had been grown in distilled water and had never had any food 
supply except that contained in the seed. It was thought probable that 
other results might be obtained if the plants were first fed heavily, then 
allowed to fast, and the demand brought about by this fast measured in 
a second feeding period. A separate set was started, and when the 
plumules had reached a length of about i cm. all the culture pans were 
placed in a full nutrient solution of a concentration of 100 parts per 
million eacli nitrogen (N), potash (KjO), and phosphoric acid (P2O5) and 
allowed to retfnain in this solution with frequent changes of solution for 
seven days. All were then placed in distilled w^ater and allowed to stand 
seven days or more, when No. 4 was again placed in the nutrient solution. 
After one more day No. 3 was placed in the nutrient solution, and after 
another day No. 2 was put in the nutrient solution. After one more 
day all four sets were taken down for analysis. In this way, the plants 
were all given plenty of food for the first period, then allowed to fast and 
to develop an appetite during the second period, which was measured 
in the third peri^. This is shown in Table VI. 
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Table VI . — Analyses of loo wheat plants given an abundance of plant food in the first 
period, placed in distilled water for the second period, and again placed in nutrient 
solution for two or more days 


^^o. 

Days in nutrient solution in third period. 

Dry weight 

N 

K *0 

P?Oi 


Control 0 . .... 

Gm. 

Gm 

Gm 

Gm 

1 

3 - 92 

0. 1596 

0. 1500 

0. 0960 

2 ' 

' I . . . . . . . . ' 

5-88 

2172 

. 1998 

, 1320 

3 1 

1 2 . .. 1 

1 S- 68 

. 2320 

. 2506 

. 1400 

4 i 

i 3 i 

!>• 90 

. 2605 

. 2670 

. 1380 


By subtracting the nitrogen in the control, o. 1596 gm. , from the nitrogen 
in the i-day plant (No. 2), 0.2172 gm., we get 0.0576 gm. nitrogen 
absorbed in one day. By subtracting the control from the 3-day plants, 
we get 0.1009 gm. instead of three times 0.0576 gm., or 0.1728 gm., which 
we might expect if time alone governed absorption. In the KjO column 
one determination, the absorption in 2 days, seems to be a little out of 
line and high. From these experiments one would judge that a demand 
for any of the plant foods can be developed in the plant, that this demand 
is cumulative, and that it is possible to measure tliis demand by analytical 
means. 

DKr.^AND OF WHEAT PLANTS GROWN IN NUTRIENT SOLUTION FULL 
TIME AND alternate DAYS 

As nitrates, and possibly other plant foods, are likely to vary in the soil 
solution from day to day, it was thought of interest to measure the rate 
of absorption when nutrients were given at varying intervals — that is, 
to measure the rate of absorption when cultures were placed in nutrient 
solution one day and in distilled water the next, and in nutrient solution 
on the third day and so on, feasting for one day and fasting the next. 
These seedlings were grown both with an abundance of plant food (100 
parts per million each N, K2O and PjOg) and also with a limited amount 
(10 parts per million). Analyses of the 12-day-old plants are given in 
Table VII. 


Table VII . — Analyses of 100 wheat plants grown continuously in nutrient solutions 
for 12 days, compared with similar scries placed in distilled water every other day 


No. 

Treatment 

jory weight 

N 

KtO 

TsOfl 

1 

Distilled water control 

1 4 . 44 

0. 0924 

0. 0597 

0. 0720 

2 

Nutrient solution 100 p. p. m. full time 

4.68 

. 1988 

. 2s6i 

. 1080 

3 

Nutrient solution 100 p, p. m. one day, 
distilled water one day. 

5 . 36 

. 2100 

. 2856 

. 1280 

4 

Nutrient solution 10 p. p. m. full time. . 

5 76 

. 1932 

. 2273 

. 1200 

S 

Nutrient solution 10 p. p. ra. one day, 
distilled water one day. 

5 - 92 

. 1736 

. 1940 

. 1180 


This was repeated several times with similar results. The total quan- 
tity of plant food absorbed, when plenty of plant food was present, 
was greater in the plants that had grown in the nutrient solution only half 
time than in the plants that had grown all the time in the same nutrient. 
When a limited quantity of plant food was present, the quantity 
30615—23 i 
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absorbed was reduced by removing the plants from the nutrient solution 
for half the time. But when calculated upon the rate of absorption per 
day, both the plants in the strong solution and those in the weak had a 
higher rate when grown only half time in the nutrient solution. 

It is somewhat surprising to note that not only the rate of absorption 
but the general appearance of the plants — color, size, root development, 
and vigor of growth — is usually better when the plants are grown in a 
good nutrient solution for one period and in distilled water the next. 
This is not always the case but seems to be characteristic of plants that 
are grown during warm w’^eather, when growth and absorption are rapid, 
and is not so likely to be true of plants grown in cold weatlier, when growth 
and absorption are relatively slow. Better looking plants are often ob- 
tained when they are kept in the nutrient solution at night and in dis- 
tilled water during the day. 

The experiments here described seem to demonstrate that a demand 
for plant food may exist within the plant, that this demand may be modi- 
fied in different w'ays, and that the demand may be determined by analyt- 
ical methods. The author has demonstrated the fact that it is possible 
to go out in the field, to take up a plant and put it in a full nutrient solu- 
tion, and to determine what plant food it is hungry for by the way it feeds 
upon tlic nutrient solution. 

TRANSFER OF PLANT FOODS WITHIN THE PLANT 

The plant seems to feed upon the ions and not upon the molecule;, and 
no plant seems to require a base and an acid in exactly the proper pro- 
portion to form a salt. It has been shown by Breazeale and Briggs ^ that 
a plant is even particular as to the kind of ion that it absorbs. Plants 
that had a high demand for potassium when placed in a solution of ortho- 
clase were unable to feed upon the dissolved potassium. The solution 
was dilute, it is true, but not so dilute as to prevent the absorption of 
potassium. It is probable that the potassium existed in the solution as a 
double ion in combination wdth aluminum. The plant did not need and 
could not utilize the aluminum and therefore \vould not take up either the 
potassium or the aluminum. 

That the transpiration rate has little to do with absorption can easily 
be shown by placing a bell jar over a pan of cultures, cutting down the 
transpiration, and measuring the rate of absorption in comparison with 
controls. Plants will feed just as rapidly when transpiration has thus 
been reduced to a minimum as they will when transpiring a maximum 
amount of water. 

One can scarcely conceive of a plant feeding upon ions or exercising 
selective absorption in such a decided way if the transpiration stream or 
the osmotic concentration, or any other phenomenon except the specific 
demand of the plant, dominates the process of absorption. 

In the same way, practical field results indicate that all plants do 
not possess the same ability to feed w^hen placed in competition with 
each other. We find that if an oat and a mustard plant be grown in 
the same pot with a very limited supply of nitrogen, the mustard probably 
will get nearly all of that plant food and the oat very little. Plants vary 
widely in their ability to cope with each other when placed in keen 
competition. 

* Brbazsals, J. F.. and BmoGs, Lvman J. concentrations or i*orAssn7M in ortuoci.ase solutionr 
or A MKASVRE OF ITS AVAn.Ann.iTY TO WHEAT sEBDUNOS. In JouT. Agr. Research, v. 20, p. 615-6x1. 

'^9X1. 



Apr. t, T0S3 N utrition of Plants as an Electrical Phenomenon 5 1 


An experiment with com and kafir seedlings seems to throw some 
light upon this subject. Six treatments in duplicate were run, 12 pans 
in all, with coni and kafir seedlings growing upon the same disks and in 
the same nutrient solutions. The disks were about 1 2 inches in diam- 
eter and were like those used in the wheat culture work except that 
the perforations were larger. The corn seedlings were planted upon 
one half of the disk while the kafir grew upon the other. There were 
about 50 corn to 300 kafir plants. These seedlings were placed in the 
following solutions: 

No. I. Control, distilled water. 

No. 2. 2 parts per million each N, K, and P. 

No. 3. 5 parts per million each N, K, and P. 

No. 4. 25 parts per million each N, K, and P. 

No. 5. 50 parts per million each N, K, and P. 

No. 6. 100 parts per million each N, K, and P. 

They were allowed to grow for 17 days. In each pan, 2,500 cc. of solu- 
tion were used and the experiments were run in duplicate. For con- 
venience the average of the duplicates is given in Table VIII. 


Tabi.iC VIII . — Nitrogen absorbed by corn and kafir seedlings competing in nutrient 
solutions of various strengths 


No 

Strength of solution | 

1 

Total N added 

1 Nitrogen absorbed 

By corn 

By kafir 



Cm 

Gm 

Gm 

X 

Water . . i 

0 

0 

0 

a 

2 p. p. in. 1 

0.0450 

0.0466 

* 0.0073 

3 

5 p p. m 1 

. JI25 

.1094 

’ .0091 

4 

25 p. p. m . . 1 

i 5625 

1 2475 

^ .0180 

5 

50 p. p. m. . 1 

I 1-1250 

3344 


6 

TOO p. p m .j 

I 

2.2500 

i 

.3821 

(•) 


* Loss s Gain • Poor plants 


From this one experiment the indications are that when com and kafir 
are placed in keen competition as in solutions containing 2 and 5 parts 
per million the com may get all the nitrogen and the kafir little or none. 
An actual loss of nitrogen is noticed in the kafir in the two lowest concen- 
trations, which might be explained by the exudation of this element into 
the solution or by the probable error of the experiment. The solutions 
were well mixed and not stirred while the plants drew out the nitrogen. 
In places the kafir roots were 6 inches away from the com and in contact 
with the nitrates in the solution but, the kafir being a sluggish feeder while 
the com was a vigorous feeder, the nitrates seem to have gone to the 
com and not to the kafir. The absorption of the small quantity of 
nitrates was so rapid that it does not seem reasonable to assume that 
diffusion carried it all to the corn side of the pan. The difference is so 
marked that one must admit that in this case the kafir had no chance 
in competition with com and that the nitrogen must have moved as far 
as 6 inches in a very short time. If, in a soil at optimum moisture con- 
tent, the plant is dependent upon ^e soil grains that touch its roots, 
this competition is rather difficult to conceive of. Practically speaking, 
the absorbing surface of the roots of different plants would hardly touch 
the same soil grains often enough to be of serious consideration. 
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MOVEMENT OF PLANT FOODS IN THE SOIL 

Ions are mobile and bear plus or minus charges of electricity. It 
has long been tlie opinion of the writer that the demand for food origi- 
nates in the tissues of the plant and is carried to the absorbing surface 
of the root by means of an unsaturated carbon compound bearing a plus 
or minus charge. In the case of potassium, for example, the plant 
protoplasm in a leaf cell may remove an atom of K from a colloidal 
compound and use it in building up a permanent compound, which 
is to be one of the final constituents of its tissues. The removal 
of the atom K, bearing a plus charge, from its colloidal compound 
leaves that compound or molecule out of equilibrium and with a minus 
charge. This charge is transmitted, by replacement and not by 
bodily movement, down through the cells to tiie root tips and there 
appears as a minus charge. If potassium chlorid appears in the nutri- 
ent solution ionized as a plus K and a minus Cl, the plus ion will be 
attracted to the negative charge, and a chemical combination will take 
place, with the formation of a molecule in equilibrium, with respect to 
plus and minus electrictity. The potassium could, in this way, be 
transported from the absorbing surface of the root to the extreme tips 
of the plant without a bodily movement through the sap. In the case 
of nitrates the opposite conditions might prevail. A demand for NO, 
might originate in the tissues and be carried to the root as an unsatur ited 
compound bearing a plus charge. This would be neutralized, for ex- 
ample, by the NO3 ion of NaNO^. 

It is possible that the absorbing surface of the root or its w^alls are 
actually impermeable to the salts needed in nutrition, and it is possible 
to assume that food material may be transported from the roots to the 
rest of the plant without materially affecting the osmotic pressure of the 
sap. If the food materials are flowing freely in the sap and were it 
necessary for the plant to remove these materials in the localities where 
they were needed, it. seems probable that there might be times when a 
high demand and a low supply, or tlie reverse, might cause considerable 
flucUiation in the concentration of the sap. As the wTiter understands 
it, the sap of plants of like varieties grown in the same localities is fairly 
constant. The tendency of the plant seems to be to keep its solutions 
in equilibrium, and the writer can conceive of a plant acting much like 
the battery of an automobile — the needle of the indicator may register 
a charge at one instant and a discharge at the next. The plant probably 
vibrates around the equilibrium point as closely as possible, taking up a 
plus charge at one time and a minus charge at another. The ordinary 
plant uses more of the mineral bases than it does of the mineral acids, 
and the writer is fairly well convinced that in order to maintain equilib- 
rium the plant can absorb otherwise useless acids or bases, use them as 
ions when necessary, and eliminate them in various ways. With cer- 
tain plants, if the system is basic, they seem to absorb CO3 as an aci<T 
radical for the purpose of maintaining equilibrium; and in case the 
system becomes too acid they seem to possess the power of exuding 
the carbonates as CO2. The absorption of calcium by certain plants 
and its elimination as an oxalate might be explained in this way. The 
absorption of silica in large quantities may probably be traced to the 
pi^ence of an excess of basic radicals in those plants. Tlie plants that 
have this characteristic have usually had waterlogged marsh lands for 
their habitat, and in the ages of their adaptation have had a large 
quantity of soluble silica and a small quantity of carbon dioxid at their 
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disposal and as a matter of necessity have adapted themselves to the 
former. 

The plant seems to feed upon ions, and these ions are certainly mobile. 
If an ionic movement takes place between the root tips and the rest of 
the plant, it seems equally reasonable to assume the possibility that a 
similar movement might exist outside the plant and tliat the plant might 
draw its food from relatively long distances. 

The potassium concentration of young plants, sometimes having 
small root systems, often runs very high. The soil solution is relatively 
low in this element, and water movement and diffusion are neglible 
factors. The absorbing surface of the root is small, and, assuming 
that the root is obliged to come in contact with a soil grain before it 
can draw upon the potassium, it is rather difficult to account for the 
high potassium content of the plant. In the same way the writer has 
analyzed many samples of Australian saltbush that ran 8 per cent or 
more of sodium chlorid upon the basis of their dry weight. These 
plants had grovm in a soil that was very low in sodium chlorid and in a 
semiarid climate where the soil moisture was very low for the greater 
part of the year. It seems hardly possible for a plant with growing 
habits like that of the saltbush to be able to absorb such quantities of 
salt as it does, if obliged to feed in the manner usually attributed to 
plants. It also seems hardly possible to conceive of this plant being 
forced to absorb sodium chlorid against its will, so to speak, because the 
salt is carried into the system by the transpiration stream or other 
agencies. A noticeable feature of this sodiiim-chlorid absorption is that 
the sodium (Na) is absorbed in much larger quantities than are necessary 
for combination with chlorin (Cl) in the formation of sodium chlorid 
(NaCl). The excess sodium exists in the plant in organic combina- 
tions and is broken down into carbonates upon ashing. Evidently 
there exists in the Australian saltbush a demand for sodium and chlorin, 
and the demand for sodium is greater than the demand for chlorin. 
This absorption of the sodium ions in excess of the chlorin, from a soil 
solution where the source of supply of these ions is sodium chlorid, which 
is in equilibrium, seems to eliminate the idea of “forceful feeding,” 
as applied to this plant. The high salt content of the plant, with such 
a low transpiration, would also indicate a wider field of absorption than 
is usually attributed to it. 

If a soil solution is in equilibrium and the salts are ionized and the 
ions are mobile, if an atom of the K, for example, bearing a plus charge 
is removed from solution by the root, the writer sees no reason why the 
position of this ion can not be filled by replacement and the charge 
carried along through the soil, as it is in a batteiy, to where the source 
of supply of potassium exists. If this be true, the plant will not be 
dependent upon the soil grains that touch the root tips, but it may 
actually feed at a distance, the distance probably following some well- 
known physical law. In practical agriculture we, involuntarily, think 
of the plant as having all the moist soil surface at its disposal. We 
also think that the water movement in the soil is neglible as far as nutri- 
tion is concerned, that the plant has to grow for its water, and that diffu- 
sion is also a neglible quantity. With plants that have a limited root 
system and with the absorbing zone of the root but a small part of the 
root itself, if we do not attribute to the plant the ability to f^ at a 
distance, we will have to admit that only a small part of the soil is at the 
disposal of the plant. 
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CONCLUSIONS 

(1) A demand for plant food may be developed in the tissues of plants, 
and this demand may be measured by analytical methods. 

(2) The demand of the plant seems to be for particular foods, and the 
effect of an application of plant food as a fertilizer seems to be largely 
a direct action upon the plant itself and not an indirect action upon 
some constituent of the soil. 

(3) Plants probably feed upon ions, and these ions probably penetrate 
the root membrane and move through the colloids to the tissues as an 
electrical charge; therefore the feeding of plants may be looked upon as 
an electrical phenomenon. 

(4) Ions are mobile and may move through the soil solution freely 
as such; and, this being the case, the plant may not be dependent upon 
the soil grains that touch its roots for nutrient material but may feed 
at a distance from the source of supply. 




INFLUENCE OF SOIL TEMPERATURE AND SOIL MOIS- 
TURE UPON THE FUSARIUM DISEASE IN CABBAGE 
SEEDLINGS ‘ 

By William B. Tisdalk * 

Formerly Instructor in Plant Pathology, Wisconsin Agficultural Experiment Station 
INTRODUCTION 

The pioneer investigations concerning the influence of soil temperature 
upon cabbage yellows caused by Fusarium conglutinans Wollenw. were 
conducted in Wisconsin by Gilman { 8 ).^ His experiments were con- 
ducted in greenhouse rooms with rather wide fluctuations of air tempera- 
ture, where the soil temperature could not be held constant for any great 
length of time. Consequently, Gilman did not determine the complete 
range of soil temperature for the occurrence of the disease, nor did he 
inquire into the possible influence of soil moisture. 

Since the publication of Gilman’s paper, plant pathologists have con- 
tinued to make observations on the influences of air and soil tempera- 
tures upon the growth of the plants and upon the occurrence of yellows 
in the Wisconsin cabbage fields. During the midsummer months when 
the soil is dry and hot, cabbage plants begin to languish and assume a 
pale, lifeless color. Growth is markedly checked, especially when these 
conditions obtain for two or three consecutive weeks. It is during this 
trying period that yellows develops in its most destructive form on the 
“cabbage sick’’'^ soils. During very dry hot seasons even the resistant 
strains of cabbage, such as the Wisconsin Hollander, may show a consid- 
erable percentage of incipient disease, but upon the return of more favor- 
able weather conditions (rain and lower temperature) they usually over- 
come the attack and produce marketable heads. Such field observations 
soon convince one that the occurrence and severity of yellows are closely 
correlated with the influences of soil temperature and soil moisture, and 
the presumption would seem to be that these influences relate both to host 
and to parasite. 

The writer undertook to learn more exactly the importance of these 
factors as they affect young seedlings, beginning the work in the summer 
of 1917. The purposes outlined were: (i) To determine tlie range of soil 
temperature for the occurrence of yellows in cabbage seedlings; (2) to 
study the influence of such soil temperatures upon the normal growth of 
cabbage seedlings in noninfested soil; (3) to study the influence of high 
soil temperature upon the relative susceptibility shown by the resistant 
strain, that is, upon the possible “breaking down” of resistance; (4) to 
determine in a like manner the influence of soil moisture both upon the 
growth of cabbage plants and upon the occurrence of yellows in them. 


1 Accepted tor t)ublicati<ui Jan. s, xoaa. . _ . . 

• The writer wishes to tmuake gratefut adcnowledgxnent to Pr<rf. L. a. Jones, of the University of Wiscon- 
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Cabbage seedlings have been found to lend themselves fairly well, dis- 
tinctly better than the larger plants, to these studies. The reasons for 
this are that (i) the symptoms of the disease become evident very soon 
after the seedlings emerge from the soil and diagnosis is ea^ and sure for 
the experienced observer ; (2) the experiments can, therefore, be carried 
to definite conclusions within a relatively short time; (3) for such a brief 
period the seedlings develop well in fairly crowded plantation so that 
adequately large numbers can be used in pot culture; (4) the seedlings 
behave well under a reasonably wide experimental range of variation in 
soil temperature and soil moisture. 

INFLUENCE OF TEMPERATURE UPON THE GROWTH OF FUvSARIUM 
CONGLUTINANS IN CULTURE 

A partial knowledge of the influence of temperature upon the growth of 
Fusarium conglidtnans has already been obtained. Gilman (^) in his 
early work found that the conidia did not germinate within 72 hours when 
exposed at 8® to 10° C. in Van Tieghem cells, while only 3 hours were 
required for germination at 33° and 8 hours at 21°. His study of the 
growth of the mycelium was limited to a narrower range of temperature. 
The mycelium grew slowly at 8° to 10° and most vigorously at 25°, the 
highest temperature used in his series. An intennediate growth rate was 
obtained at 18° to 22°. It is seen that data on the upper limits of tem- 
perature were still lacking; therefore, it seemed advisable to determine 
these limits before taking up a study of the relation of soil temperature to 
the occurrence of yellows. 

A fragment of mycelium from a young culture of Fusarium conglutmans 
was placed in the center of plates (10 by 100 mm.) of 2 per cent potato- 
dextrose agar, titrating -f 10 Fuller’s scale. The plates were then placed 
in incubators at a scries of temperatures ranging from 7° to 37° C., those 
at the higher temperatures being inclosed in moist chambers to guard 
against inhibiting desiccation. Two plates were carried at each tem- 
perature, and measurements were made daily for seven days. The results 
at the end of four days and those at the end of seven days are given in 
Table I and are also shown graphically (fig. i) for comparison with the 
percentage of yellows. 

Tabi,® I. — Growth of Fusanum congluiinans at different temperatures on potato agat 


Tcmpcratiire. 

Diameter of colony at various asres. 

4 days. 

7 days. 

•c. 

Cm. 

Cm 

7 to 8 

No growth. 

Slight growth. 

II to 12 

0*5 

1. 6 

17 to 18 

1-3 

2.9 

21 to 22 

1. 6 

3- 5 

24 to 25 

3-2 

6. 0 

27 

3*3 

6. 0 

30 

1. 2 

2. 0 

35 

•3 

.6 

U 

No growth. 

No growth. 
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It is readily seen that if diameter of colony is used as a criterion, the 
optimum temperature for growth on potato agar plates for brief periods 
of time is found to be between 24® and 27° C., with a rather sudden 
dropping off toward the extremes. There was no growth at 37®, but the 
fungus was not killed at this temperature, as was shown by transferring 
the plates to an incubator held at 24°. After exposure for 10 days at 24^^ 
the colonies on the plates which had previously been exposed at 8° and 
37°, respectively, show'ed vigorous growth. 



l‘'iG. i.—'Cmnparison of rate of crowth of Fusarium conglutmons on ajfar plates with development of yellows 
in cabbage seedlings given in Tables 1 and V, plants grown 20 days from seed in naturally infested soil. 


In addition to these differences in vegetative growth, the fungus 
exhibited a difference in sporulation at the different temperatures. At 
14® C. the colonies ^vere raised, with a leathery stroma, and produced 
abundant conidia. This character became less manifest up to 24°, where 
there was very little aerial growth and there were practically no conidia. 
Above 29® the colonies were a^in raised and produced abundant 
chlamydospores but no conidia. Table I shows that the growth of the 
fungus dropped off more suddenly above 27° than below% yet it will be 
seen (fig. 1) that the percentage of yellows was higher at 35° than at 17°. 
It is evident, therefore, that rate of growth of the fungus in culture is not 
directly proportional to percentage of disease at all temperatures. 
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Although the vegetative growth of the parasite is retarded at the higher 
temperatures, the data do not indicate that the pathogenicity is reduced 
in like proportion. 

INFLUENCE OF SOIL TEMPERATURE UPON THE GROWTH OF CABBAGE 

SEEDLINGS 

Inasmuch as it was presumed at the outset that soil temperature 
affects both host and parasite, it was considered of much importance 
to study separately its effect upon the cabbage plants in noninfested 
soil as well as upon the fungus in culture. The results of the studies of 
the influence of temperature upon the fungus have already been presented 



seedlings given in Table II, grown so days from seed during February and March 

In the experiments conducted for the purpose of determining the 
influence of soil temperature upon the seedlings, the general appearance 
of the plants and the dry weight of the shoots and roots were used as 
bases for comparison. For preliminary data use was made of the Wis- 
consin Hollander plants which had been grown 20 days in sterilized soil 
as controls on the relation of soil temperature to the occurrence of yellows. 
The methods of planting and controlling the soil temperature will be 
explained in connection with the experiments for studying the influence 
of soil temperature upon the occurrences of yellows. At the end of 20 
days six plants were taken for each temperature and both wet and dry 
weights were determined. The tops were cut off at the surface of the soil 
and dried in a constant-temperature oven for 18 to 24 hours at 95® C. The 
average results of two such series are given in Table II and shown graphi-* 
cally in figure 2. These first trials were conducted during February and 
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March when the light was weak and the day short. Other experiments 
were carried out in May and June when the light was stronger and the 
plants were grown for a longer period of time. 

Table II . — Weighti of Wisconsin Hollander seedlings grown 20 days from seed at 
different soil temperatures 


Soil 

leniperature. 

Wet weight 
per plant. 

Dry weight 
per plant. 

Ratio of wet 
weight to 
dry weight. 

V. 

Gm . 

Gm . 


14. 5 

0. 29 

0. 020 

14- s 

17.0 

•34 

. 023 

14.7 

20 0 

•51 

.031 

x6. 4 

23. 0 

•45 

. 029 

15*5 

26. 0 

•37 ; 

.023 

16. 0 

29. 0 

•36 ; 

. 024 

15.0 

32. 0 

.32 ! 

. 022 

14.5 

3.'?- 0 

. 18 ! 

. 014 

12.8 

38-0 

. 06 

. 006 

10 


It will lx‘ seen from Table II that 20° C. proved to be the optimum soil 
temperature for the growth of these cabbage plants for the first 20 days. 
At soil temperatures above 20® there w'as a gradual decrease in w'eight 
up to 35°, where there was a sudden drop; at 38® the plants soon died. 
Accompanying this difference in weight was a marked difference in the 
appearance of the plants grown at low and at high temperatures. At 23° 
and below they were stocky and had a dark green color. There was also 
a slight difference in the height and size of the plants at the different 
temperatures. From 26® to 32°, inclusive, the plants became more strict; 
that is, the petioles were proportionately longer and approached a 
vertical position. The color also graded into a lighter shade of green. 
At 35° the plants were decidedly stunted, and they assumed a distinctly 
pale green color. 

Moreover, if we consider the ratio of wet weight to dry weight, a 
marked difference will be noticed at the different soil temperatures. At 
the intermediate temperatures, where the greatest wet and dry weights 
developed, the ratio of the wet weight to dry weight was greatest. This 
simply means that the plants were most succulent at these tempera- 
tures, and it seems possible that for this reason they may have offered 
a more favorable medium for the invasion of the parasite than was 
offered by the plants at the extreme temperatures. This suggestion is 
favored to some extent by the occurrence of a higher precentage of yel- 
lows in plants growing in naturally infested soil at these temperatures. 
On the other hand, as will be seen later, the highest percentage of yel- 
lows occurs in plants grown in artificially inoculated soil above 26° C., 
where the moisture content of the plant is lower and the plants must be 
in an abnormal condition. These results indicate that some factor other 
than succulence of the host plant must be concerned in determining the 
degree of infection. 

In order to determine whether similar temperature relations obtained 
for longer periods, the seedlings used as controls in the third experiment 
in studying the disease were allowed to grow at the different soil tempera- 
tures for 46 days before the weight determinations were made, as com- 
pared with 20 days in the former series. The roots were then washed 
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out of the soil and dry weights were made separately for roots and 
shoots. The results, consisting of the average per plant for the nine 
plants from each temperature, are shown in Table III. This experiment 
was conducted in May and June, 1919, when the air temperature ranged 
from 18® to 20° C., with a rise of 10° to 12° during the middle of the day. 

Table III . — Dry weights of cabbage plants grown ^ days from seed at different soil 

temperatures 


Dry weight per plant 



Soil temperature. 


Wisconsin Hollander. 

Commercial Hollander. 




Shoot. 

Root 

Shoot. 1 

Ro<it. 


•c. 


Gm. 

Gm. 

Gm \ 

Gm. 

14 



0. 245 

0. 029 

0 . 185 ; 

0. 027 

17. . 



.316 

• 033 

.306 ‘ 

. 048 

20. 



. 281 

. 042 

262 ' 

. 041 

23. . . 



. 272 

. 044 

. 223 j 

•037 

26. . . . 



■254 

. 041 

. 1Q2 1 

. 02 5 

29... . 



.302 

. 0<^2 1 

• 252 i 

•035 

32 



. 236 

.030 1 

. 260 1 

.036 

35 



. 207 

.025 1 

• 204 j 

. 017 


It may be seen from Table 111 that the weights are not consistent at 
all temperatures wiUi those of plants 20 days old, although the tempera- 
ture for optimum growth remains the same. The weight at 26° C., is 
less than that at 23° and 29°, thus giving a distinct bimodal curve when 
the weights arc plotted against temperature. This condition exists alike 
with roots and shoots of both strains. 

Inasmuch as the moisture content of the soil was not kept constant by 
weight, it was thought that a difference in moisture, provided there were 
such, might have been re.sponsible for the irregular growth of the plants. 
Therefore, another experiment w^as conducted, during the winter of 1919, 
in which the whole soil mass was kept up to a uniform moisture content 
by weight. The soil was made up of three parts of fairly rich, virgin 
loam and one part of clean sand. The water-holding capacity of this 
soil was 39.2 per cent (in i cm. tube), or 28 per cent calculated on a wet- 
weight basis, and the moisture was kept at about 15 per cent by weighing 
the receptacles at the higher temperatures every day and less frequently 
at the lower temperatures and restoring the lost moisture. In place of 
the cinders used in the other experiments, a 3-inch pot was inverted in the 
bottom of the receptacle, a glass tube inserted in a hole in the bottom of 
the pot, and the soil filled in around this and tamped fairly firmly. All 
of the water was supplied through the tube. The seed was planted as 
previously described. After the plants were about 5 days old, the stand 
was thinned to three in each receptacle, and the soil surface was covered 
with mineral wool. Botli the Wisconsin Hollander and the Commercial 
Hollander were used, the receptacles being handled in duplicate at each 
temperature. 

The experiment was begun October 22 and concluded December 15, 
1919, a total of 53 days. The air temperature during this period ranged 
from 14° to 18° C., with a daily rise of about 5® in the middle of the day. 
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The roots were washed out of the soil and dry weights made of both 
shoots and roots in the usual way. The results in Table IV show the 
average of six plants from each temperature. These results are shown 
graphically in figures 3 and 4. 

Tablb IV . — Dry weights of cabbage plants grown 55 days from seed at different soil 

temperatures 



Wisconsin Hollander 

Commercial Hollander. 

Soil temperature. 






Shofjt. 

Root 

Shoot 

Root. 

"C 

Gm. 

Gm. 

Gm 

Gm. 

14 

0. 230 

0.034 

0 267 

0. 039 

17 

•305 

• 036 

•313 

. 046 

20 

. 302 

.036 

•313 

. 040 

23. 

•239 

019 

. 236 

. 020 

26 ^ 

.258 

. 021 

•25s 

. 019 

29 

. 200 

. 020 

1 309 

. 024 

32 

• 185 

.017 

1 • 233 

. 012 

35 " 

.021 

. 006 

1 

.005 

. - , . - _ 





L 


« The temperature ruse to C during two sucte.>sive nights soon after the plants appeared above ground , 
this may account for the extremely low weights oviurring at this tem^ieraturc. 


This table shows that 17° to 20® C. was also the optimum soil tempera- 
ture for the growth of cabbage seedlings for this longer period. The dry 
weights obtained at some temperatures were even lower than the weights 
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3 --Coinparison of dry weights of shoots and roots of healthy Wisconsin Hollander seedlings given in 
Table IV. grown 53 days from seed during November and December. 


obtained for plants only 46 days old, but the difference in the composition 
of the soil was probably sufficient to account for the difference in weight. 
The bimodal condition was evident in this experiment also, but in this 
case the lowest weight occurred at 23® instead of 26°, as in the previous 
experiment. The bimodal condition in weight and the difference in color 
were probably due to the effect of temperature upon the physiological 
balance of the plants, but since no analyses have been made of plants 
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grown at the different temperatures, it is impossible to offer any definite 
explanation for these differences. However, by comparing figure i with 
figures 3 and 4, it will be seen that the higher percentages of yellows 
occurred at and slightly above the temperature at which the drop in dry 
weight of the plant occurred, which was also the temperature at which 
the fungus grew most rapidly in culture. It is probable that both 
reduced vigor of the plant and optimum temperature for growth of the 
fungus played a part in producing a higher percentage of yellows at these 
temperatures. 

Ihere is a marked difference in the external characters of the root 
systems of the plants grown at different temperatures. Roots grown at 
14°, 17®, and 20*^ C. are coarse, light in color, have a thick cortex, and 
spread uniformly throughout the soil mass. Beginning at 23° the roots 



Fic 4 —Comparison of drv weights of shoots and roots of healthy Commercial Hollander seedlings given »n 
Table IV, grown 53 days from seed during November and December 


are finer, darker in color, and shorter, until at 35° the number of roots 
and the extent of the system are greatly reduced and the color becomes 
dark brown. A comparison of the shoots and roots of plants grown at 
20°, 26®, and 32® is shown in Plate i. All of these variations suggest that 
fundamental differences occur in the anatomical structures of Ae tissues 
involved and possibly in their chemical composition, but analytical 
studies on these differences have not as yet been undertaken. It seems 
evident, however, that such variations in external appearance of parts 
of the host at different temperatures may be regarded as indices of the 
more important internal effects of temperature. They are probably 
accompanied by a difference in the rate of manufacture of carbohydrates 
and proteins and in the disposition of these products. In turn, these 
differences in assimilation and physiological balance could affect the 
cell walls and protoplasm in a manner which would make the plant more 
susceptible to the attacks of the fungus. 
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INFLUENCE OF SOIL TEMPERATURE UPON THE OCCURRENCE OF THE 
FUSARIUM DISEASE IN CABBAGE SEEDLINGS 

GREENHOUSE EXPERIMENTS 

Methods and apparatus. — The apparatus employed for controllpig 
the soil temperature in these experiments was what is termed the Wis- 
consin soil-temperature tank. Since it differs only in detail from that 
used by Johnson and Hartman (9) and described by Jones (jo), further 
description is considered unnecessary in this connection. A series of nine 
separate tanks or compartments was employed, with extreme tempera- 
tures of 14° and 38° C. and a difference of 3° between successive tanks, 
thus giving the graduated series 14®, 17®, 20®, 23®, 26®, 29®, 32°, 35®, and 
38®. The temperatures below 23® were regulated by running in a small 
amount of cold water two or three times a day as the case required, while 
the temperatures from 23® to 38® inclusive were maintained through the 
use of carbon electric lamps under thermostatic control. During the 
earlier experiments some f>f the temperatures were regulated through the 
use of steam, but this method was abandoned when the electric lamps 
were installed. With personal attention two or three times every 24 
hours, the temperatures were kept fairly constant, rarely varying more 
than 1® from that desired. 

The air temperature in tlie tank room was kept constant within A 
range of a few degrees. During the course of the first experiments it 
ranged from 18® to 22® C. with a maximum rise of 5® to 10® for one or 
two hours on bright days. During the spring of 1919 the air temperature 
range was from 14° to 18° with a similar rise at midday on bright days. 

The surface of the soil in the receptacles was covered with a half-inch 
layer of mineral wool to insulate it from the air temperature and to 
reduce evaporation. Even with this protection, the surface inch of soil 
at the higher temperatures usually registered from i®to iK® lower than 
the water in tlie tanks. However, the deeper layers of soil registered the 
same tem|3erature as the water, and the plant roots were found to be 
distributed largely in the layers below the first inch. Therefore the 
temperatures recorded for the different series are those at which the 
water was maintained in tlie tanks in which the receptacles were sus- 
pended. 

ReceptaceEvS. — The receptacles or culture pots were made of galvan- 
ized sheet iron, cylindrical, 6 inches in diameter and lo inches deep. 
They were made ready for use by placing a layer of fine coal cinders about 
2 inches deep on the bottom with soil on top of this up to within 
inches of the top. All of the v/ater was supplied through a glass tube 12 
mm. in diameter which was placed in the center of the receptacle of soil 
with the lower end inserted in the cinders. After the receptacles were 
filled with soil, they were so placed in the tanks that the surface of the 
soil was level with the surface of the water in the tank. They were then 
allowed to remain in the tanks one or two days before the seed was 
planted. 

Soil. — ^T he naturally infested soil used in all the experiments was ob- 
tained from a uniformly “cabbage sick” field in Kenosha County, Wis. 
It was a dark clay loam containing some gravel. Before being used the 
soil was screened and uniformly mixed with coarse sand in the ratio of 
five parts of soil to one of sand. After the sand was added, the portion 
to be used as control was autoclaved at 5 pounds pressure for two hours 
and then allowed to stand for one week before it was used. 
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History or serd and methods op planting. — ^The seed used in all 
the experiments was from the same lots of the Late Wisconsin Hollander 
and Commercial Hollander strains. The Late Wisconsin Hollander was 
the strain of Hollander which has proved to be highly resistant to the 
Fi^sarium disease under field conditions, as recently described by Jones, 
Walker, and Tisdale (la). This seed was grown in 1917 by S. B. Walker 
at Racine, Wis. The seed of the commercial strain was obtained from 
the L. L. Olds Seed Co., Madison, Wis. No information could be had as 
to where and when it was grown, but it was considered a good representa- 
tive of the Commercial Hollander type. It had been proved to be about 
99 per cent susceptible when grown in “sick"' soil. 

In the first and third tests, three receptacles in each tank were planted 
with Wisconsin Hollander and three with the Commercial Hollander. 
Two of the three receptacles in each set contained “sick’* soil and one 
contained sterilized soil. In the second experiment only two receptacles 
were used for a strain in each tank, one containing “ sick” and the other 
sterilized soil. When the plants were well above ground, the stand 
was thinned to 10 plants in each receptacle, except in certain cases, and 
the surface of the soil was covered with a haJf-inch layer of mineral wool. 

The experiments. — Four separate tests were conducted for measuring 
the influence of soil temperature upon the occurrence of yellows in cab- 
bage seedlings, three with naturally infested soil and one with artificially 
inoculated soil. Three of the tests were conducted during the winter of 
1917 and the spring of 1918, and one in the spring of 1919. In all three 
experiments with naturally infested soil the behavior of the host plant was 
similar, and the percentage of disease checked fairly closely. Of course, 
the intensity of light was greater in the spring than during the winter, but 
it was reduced in the spring by nailing cheesecloth on tlie inside of the 
roof of the greenhouse above tlie tanks. The final data were recorded 20 
days after the seed was planted; Uiey show the percentage of yellows 
and the percentage of plants dead by this time. This length of period was 
chosen because in the first experiment all of the plants of the commercial 
strain at 32° C. had developed yellows within 20 days 

Methods of expressing data. — ^The data in the greenhouse experi*^^ 
ments were taken daily after the disease began to develop. In the first 
four experiments the task of taking data consisted merely in recording the 
number of diseased plants and the number which died as a result of the 
disease. The percentage of yellows includes tlie plants which showed 
the disease in incipient stages as well as those which died from the dis- 
ease. Except in doubtful cases diagnoses of yellowed plants were made 
from the external symptoms in the leaves; the doubtful cases were cul- 
tured on agar plates. 

Experimental data. — The data given in Table V and figures i and 5 
show that Fusarium congliUinans is capable of producing yellows in 
botli the susceptible Commercial Hollander and the resistant Wisconsin 
Hollander seedlings over a wide range of temperature, the minimum 
being 17*^ and the maximum about 35° C. At the lower temperatures, 
however, tlie disease developed more slowly and less destructively than 
at higher temperatures (fig. 6). The Wisconsin Hollander strain was 
even less severely attacked at the lower temperatures than the com- 
mercial strain. Plate 2, A-C, shows a contrast of the two strains grow- 
ing in “sick” soil at 17®. At 15® the disease did not develop even in 
the most susceptible strains, l^e optimum soil temperature for the 
occurrence of yellows in the commercial strain in naturally infested soil 
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was about 26° and in the Wisconsin Hollander about 29°. These tem- 
peratures practically coincide with that for growth of the causal organism 
on potato agar, but are several degrees higher than the optimum for 
growth of the seedlings. These results di&r from those reported by 
Tisdale (ij) for flaxwilt and those reported by Clayton (5) for tomato 
wilt only in that the optimum temperature for growth of the cabbage 
plant is lower than that for development of the disease and growth of 
the parasite. The same temperature relations do not obtain for other 
types of diseases attacking the underground parts of plants. Balls 
(j, 2) reported that the soreshin disease of cotton developed most 
destructively at 17° to 23° C., while the optimum for the growth of host 
and parasite was about 28®. Johnson and Hartman (9) reported quite 
simDar relations for the rootrot of tobacco. 



/7 20 2^ 22 


Pio. 5. — Comparison ol development of yellows in Commercial Hollander and Wisconsin Hollander seed- 
lings given in Table V, grown ao days from seed in artificially moculated soil. 

Although the percentage of yellows in the resistant Wisconsin Hollander 
was rather high during the early period of growth, it was lower at all 
temperatures than that of tlie susceptible commercial strain. The 
greatest differences in percentage of yellows between the two strains 
occurred at 20® and at 35® C., where they amounted to about 35 ^r 
cent. In artificially inoculated soil at 26® and above the two strains 
seemed to be equally susceptible (fig. 5). The cause for such a wide 
difference between the pathogenicity of Fusarium conglutinans in 
naturally and in artificially inoculated soil has not been determined. 
It is apparent, however, that this difference is in p^ due to the direct 
relation of the higher temperatures to the stimulation of the Fus^ium. 
This relation becomes especially evident when ^e fun^s is growing in 
pure culture free from the complicating relations with the normally 
associated soil fiora. 

Other workers have obtained similar results with vascular parasites: 
Edgerton { 6 , 7) found that a much higher percentage of Fusarium- wilt of 
tomato developed in the steriUzed, reinoculated soil than in the imsteril- 

30616—23 5 
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ized soil, but at the same time the resistant tomato was very resistant 
in the seedling stage. He did not state the temperature at which the 
plants were grown, however, and temperature is a potent factor in the 
development of cabbage yellows. At 23® to 32® C. seedlings of the 
resistant strain of cabbage show a high percentage of yellows, but the 
plants which escape the disc^ase usually remain healthy. W. H. Tisdale 
{14) found the resistant strain of flax to be highly resistant even in the 
sealing stage. 

The upper limit for the growth of Fusarium conglutinans in pure 
culture is about 35® C., yet it produced 100 per cent yellows in plants 
grown at this temperature in artificially inoculated soil. As previously 
stated, the temperature of the first inch of soil at 35® registers from i® to 
i>^® lower than the water in the tank, and it may be that the fungus 
made its successful attack upon these roots in the first inch of soil. 



The data presented in Table V and figure 6, especially those for arti- 
ficially inoculated soil, show that the highest percentage of yellows 
occurred at temperatures above that most favorable for the seedling. 
This indicates that resistance is probably broken down at these higher 
temperatures. However, the chief difficulty in determining to what 
extent the increase in percentage of yellows at higher temperatures is 
due to “breaking down” of resistance is the fact that the nature of the 
resistant character has not been analyzed. Until its true nature has been 
determined, it will be impracticable to learn by the common method of 
testing for resistance in plants, that b, by subjecting both host and 
parasite to the different temperatures, just how much temperature 
affects the resistant character. However, the results obtained with 
artificially inoculated soil indicate that either the host becomes less 
resbtant or the fungus more pathogenic at the higher temperatures. 
The latter condition was not in evidence with susc^tible plants, but 
the decided stunting of the plants would seem to indicate that they may 
be less resistant. 


TablB V . — PercmUage ef cabbage seedlings showing yellows at different soil temperatures <ffier growing 20 days from seed 
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INCUBATION PERIOD OF THE FUSARIUM DISEASE IN CABBAGE SEED- 
LINGS AT DIFFERENT TEMPERATURES 

In all of the experiments reported in this paper a great difference in 
the incubation period of the disease was observed in the plants grown 
at the different soil temperatures, and also to some degree between 
plants in the same receptacle. The incubation period, as spoken of in 
this connection, was reckoned from the time the seed was planted rather 
than from the date the plants emerged from the soil, because at tempera- 
tures below 23® C. two or three days more were required for the plants 
to emerge from the soil than at the higher temperatures, although the 
seed coats ruptured practically as soon at the lower temperatures. 
Because of this fairly uniform breaking of the seed coats, the seedlings 
at the different temperatures were exposed to the fungus for about the 
same length of time. 

In every case the disease appeared first at 26*^ to 32° and last at 17® C., 
with a gradation between these extremes. The incubation periods at 
these temperatures were 7 days and 18 days, respectively. At 26® 
to 32® the disease appeared in some plants within i or 2 days after the 
plants emerged from the soil, while others in the same receptacle ap>- 
peared perfectly normal and healthy for several days longer. At the 
lower temperatures the disease was much longer in becoming manifest 
but at the same time showed a similar variation in length of incubation 
among individuals. The variation among plants grown in artificially 
inoculated soil was not as great as that among plants grown in naturally 
infested soil. A comparison of the results in the two cases is shown in 
Tables VI and VII. Gilman («?, p. 43, Table VI) also showed that, al- 
though inoculations were made with parts of the same culture on plants 
from the same pot and under conditions as nearly identical as possible, 
the incubation period varied widely. The cause of this variation has 
not been definitely determined, but the results so far obtained indicate 
that it is a difference in the genetic composition of the individuals. 
Under the conditions of these experiments the plants must have been 
exposed to essentially like opportunities for attack by the fungus. 

When the plants were grown in “sick*’ soil for 20 days at 14® and then 
transferred to 26® C., tlie incubation period was only 4 to 6 days, al- 
though a smaller percentage of disease developed in the resistant seed- 
lings than when the plants were grown from seed in “sick” soil at 26®. 
This short incubation period is very probably due to the fact that the 
root hairs were in close contact with the fungus mycelium at the low 
temperature, and when subjected to a more favorable temperature the 
fungus immediately began invasion of the roots through the root hairs. 
The Wisconsin Hollander plants treated in this manner showed the dis- 
ease mostly in incipient form, whereas the susceptible commercial strain 
was as susceptible as in the earlier stages of development. 

When the plants were grown for 30 to 36 days in noninfested soil and 
then transplanted to “side” soil the incubation period was longer in all 
cases ^an when the seed was planted in “sick” soil. Under these 
conditions the incubation period was shortest at 26® C. and longest at 
17®, being ii and 17 days, respectively. It is probable that this longer 
period was due to the inability of the fungus to make a successful attack 
until new root hairs developed on the roots. 
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A COMPARISON OF SUSCEPTIBIWTY IN THE WISCONSIN HOLLANDER AND 
COMMERCIAL HOLLANDER SEEDLINGS 

In all of the experiments conducted under controlled temperature 
and moisture conditions variations in individual susceptibility among 
plants have been very noticeable in both susceptible and resistant 
strains. Data were obtained from experiments previously reported by 
r^ording each day the percentage of plants in each can showing the 
disease at the different temperatures. These data are shown for both 
naturally and artificially infested soils in Tables VI and VI L 

Table VI. — Variations in susceptibility among cabbage seedlings grown in naturally 
infested soil at different soil temperatures 



Total 

Perceutaee of diseased plants in each receptacle at the end of difTerent periods after 
planting. 

Soil tem> 
peraturc. 

num- 
ber of 
plants 


Commercial Hollander. 



Wisconsin Hollander. 




i , 

^10 days. 

I a days 

IS days 

18 days. 

20 days 

10 days 

la days 

15 days 

18 days 

20 days. 

"C 

*7 

10 

1 

! 0 

0 

0 

10 

10 

0 

0 

0 

10 

10 

ao 

20 1 

0 

0 

0 

10 

20 

0 

0 

0 

10 

20 

23- 

10 1 

I 0 

30 

30 

40 

50 

0 

20 

30 

40 

50 

26 

10 1 

10 

50 

60 

70 

100 

20 

80 

80 

80 

80 

29, 

10 j 

30 

60 

60 

70 

90 

10 

20 

20 

30 

50 

3a 

10 1 

20 

20 

30 

50 

60 

10 

20 

30 

50 

60 


10 

10 

40 

50 

1 70 

70 

0 

0 

0 

20 

20 

38 

7 1 

0 

0 

0 

1 ^ 

i 

0 

0 

1 

0 : 

0 

0 ' 

0 


Table VII. — Variations in susceptibility among cabbage seedlings grown in artificially 
inoculated soil at different soil temperatures 



Percentage of diseased plants in each receptacle at end of different periods after planting. 



Commercial Hollander. 



Wisconsin Hollander. 


Soil tempera* 













ture. 

Total 






Total 




18 



num* 

10 

12 

15 

x 8 

ao 

num- 

xo 

xa 

*5 

a« 


ber of 
plants 

days. 

days. 

days. 

days. 

days. 

ber of 
plants 

days 

days. 

days. 

days. 

days. 

•c. 













17 

13 

0 

0 

0 

0 

31 

10 

10 

10 

10 

30 

30 

20. . 

16 

0 

0 

0 

69 

88 

10 

0 

0 

20 

30 

.50 

«3 

24 

0 

21 

44 

92 

96 

10 

0 

10 

30 

50 

60 

26 

l8 

6 

22 

67 

1 94 

100 

10 

40 

80 

100 

XOO 

100 

29. 

18 

6 

28 

89 

94 

100 

10 

80 

90 

90 

90 

XOO 

3a 

16 

SO 

75 

100 

100 

XQO 

10 

80 

90 

XOO 

100 

XOO 

35 

43 

26 

$2 

87 

91 

XOO 

10 

60 

XOO 

100 

XOO 

TOO 

37 • « • 

11 

® 1 

0 

0 

0 

0 

10 

0 



0 

0 

0 

0 
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Examination of the Tables V~VII shows considerable variation in 
susceptibility as between individuals at all temperatures. This varia- 
tion is manifest not only by length of incubation period but also by 
extent of infection and rate of development of the disease once infection 
has occurred. At and above 26° C. ^tie incubation period is materially 
shortened for a great number of individual plants, especially those of 
the Wisconsin Hollander strain. In naturally infested soil Wisconsin 
Holl^der plants which escape the disease for the first 20 days usually 
remain healthy, even though they are growing at high temperature. In 
artificially inoculated soil all of the plants become diseased within the 
first 20 days as a rule. 

Plants of the Wisconsin Hollander strain which showed symptoms of 
yellows even when very young have been observed to overcome the attack 
and resume vigorous growth. Their ability to do this was less pro- 
nounced in plants grown in artificially inoculated soil. It will be seen 
from Table VII that a high percentage of plants were killed in the arti- 
ficially inoculated soil. The sudden death of some plants, the ability of 
others to overcome the attack, and the ability of still others to escape 
the disease entirely, furnish evidence of a variation in degree of resistance 
of the individual plants during the early stage of development. The 
same condition has been known for several years to exist among varieties. 
However, still more significant is the fact that such variations in degree 
of resistance continue to appear as between individuals of the most 
resistant and most stabilized of the Wisconsin strains. 

Our main interest lies, therefore, in the variations in resistance as 
between individual plants. The facts cited as bearing on this variation 
indicate that Fusarium resistance in cabbage is due to hereditary factors, 
probably multiple, and that many of the plants are entirely lacking in 
one or more of the factors for resistance or possess them in a hetero- 
zygous condition. The Wisconsin Hollander strain was selected to resist 
the Fusarium disease under certain conditions to which the plants are 
normally subjected in the field. Plants which resist under these condi- 
tions may not possess sufficient factors for resistance to enable them 
to resist under more severe conditions, as evidenced during very hot 
summers. Because of the fact that the seed plants are grown under 
conditions which permit free intercrossing, the tendency is for tliem to 
remain in this heterozygous condition even when grown in “sick" soil. 
When the seed plants are grown on “sick" soil, however, the plants which 
possess an insufficient number of factors for resistance develop the dis- 
ease and are discarded. Thus, by selecting seed plants from “sick" 
soil, it is possible to maintain a resistant strain, under the conditions 
selected, even though it may not be homozygous for resistance. 

R^I/ATION OF AGB OF SBBDBINGS TO EXPRESSION OF THE RESISTANT 

CHARACTER 

It has been shown (Table V) that during the first 20 days of develop- 
ment the Wisconsin Hollander plants are practically as susceptible to 
yellows at the higher temperatin*es as the susceptible commercial strain. 
On the otiher hand, the Wisconsin Hollander strain shows a high degree 
of resistance by the time the plants are old enough to be transplanted 
into the fidd. Since this condition has manifested itself for seve^ sea- 
sons and since the plants are usually grown in soil with a fairly low tern- 
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perature before they are transplanted, there appear to be only two possible 
explanations for the low degree of resistance in the young seedlings, 
namely: (i) the resistant character is not fully expressed in the young 
seedlings and becomes more manifest as the plants grow older, or (2) 
the high temperatures inhibit or modify the expression of the resistant 
character in seedlings. Experiments have furnished some evidence 
favorable to both hypotheses. Data supporting the second have already 
been presented and discussed. 

The initial experiments for testing the first theory were conducted by 
transferring the receptacles to the 26° C. tank after the plants had grown 
20 days in infested soil at 14°. Plants of the commercial strain grown 
under similar conditions were transferred at the same time for controls. 
The air temperature was the same as that recorded for other experiments 
conducted at the same time, 14^ to 18°. In Table VIII the results 
obtained at the end of 10 days are compared with the results obtained 
with seedlings which had been growing at 26° continuously for 20 days. 

Because the number of plants used in these tests was small, the infec- 
tion of one or two more plants in one test than in another made a consid- 
erable difference in the percentage of yellows. Even so, the results 
are consistent enough to indicate that the Wisconsin Hollander plants 
are more resistant after 20 days than when younger. In Table VIII it 
may be seen that there is an average difference of 54 per cent of yellows 
between the older plants of the Wisconsin Hollander and the Commercial 
Hollander strains at 26° C., while with the younger plants there is a 
difference of only about 14 per cent. At the same temperature the differ- 
ence in the percentage of plants killed is equally striking. With the 
younger plants there is a difference of only 18 per cent, while with the 
older ones it amounts to 67 per cent. The disease developed very 
slowly in the Wisconsin Hollander seedlings, and at the conclusion of 
the experiment most of the affected plants showed only slight symptoms 
of yellows, while the reverse condition was manifest in plants of the 
commercial strain. 

These investigations were carried further by planting both kinds of 
seed in sterilized soil and later transplanting the seedlings to “sick” 
soil. The plants for the first experiment were grown for 30 days in 
sterlized soil in flats. The temperature of both air and soil rang-ed from 
18® to 22®C. during this period. In the first experiment, which was 
conducted during May and June, 1918, only three different soil tempera- 
tures were used in the series, but the complete series of temperatures 
from 14° to 35° was employed for the second. Three plants were set 
in each receptacle, and after transplantation on May 10 the recepta- 
cles were exposed to room temperature (18° to 22°) for three days in 
order to give the plants an equal chance to recover from the shock of 
being transplanted. The surface of the soil was covered with mineral 
wool and the receptacles were placed in the tanks at 15°, 17°, and 26°. 
The final results, recorded 30 days later, are given in Table IX. The 
air temperature during this experiment ranged from 18° to 22°, with a 
sudden rise of 10® to 15® for a few hours during the middle of the day. 
A contrast of the susceptible plants grown in “sick” soil at 15® and at 
17® is shown in Plate 2, D, E. 
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Tabl9 VIII . — Influence of age of cabbage seedlings upon the occurrence of yellows 


Date planted 


Oonditioii of soil 


Wisconsin Hollander. 


Commercial Hollander. 


Grown in 
"sick** soil 
aodays 
from seed, 
at a6® C. 


Grown in 
"sick’* soil 
so days at 
14** C.. then 
transferred 
to 36 ^ for 
xo days. 


Grown in 
*’aick” soil 
30 dasrs 
from s^. 
atae^C. 


Grown in 
*‘sick"soU 
30 dasm at 
X4*C.. then 
transferred 
to a6° for 
todays. 



Peb. X. z9x8 

Mar. a9, 19x8 

Average results of two 
experiments. 

Mar. 39, 19x8 

Mays, rpr 9 


Naturally infested 

. . . .do 

Naturally infested 80 x 1 .. 

Artificially inoculated. . . 
— do 


ao 

xo 

30 


80 

70 

75 


xo 


xoo 




Tablp IX . — Number of cabbage plants which showed yellows at the end of 50 days after 
transplantation to *'sick soiV’ 




Wisconsin Hollander 

Commercial Hollander 

Tempera- 

ture. 

Number of 
plant* . 







Number 

healthy 

Number 

yellow. 

Number 

dead. 

Number 

healthy 

Number 

yellow. 

Number 

dead. 

®C. 








14 ! 

3 

3 

0 

0 

3 

0 

0 

*7 

3 

3 

0 

1 0 

0 

3 

2 

26 

3 

3 

0 

1 ° 1 

0 

1 3 

3 


All of the Wisconsin Hollander plants remained healthy throughout 
this experiment, whereas all of the susceptible commercial plants at 1 7® 
and 26® C, developed typical yellows symptoms. At 26® yellows began 
to appear after ii days and at 17® after 17 days. All three plants at 
26® were dead after 17 days. 

In the second experiment, plants were grown in sterihzed soil 36 days 
from seed before they were transplanted into “sick*’ soil on May 24, 
1919. The air temperature ranged from 22® to 25° C. during this period, 
but the subsequent treatment was similar to that in the preliminary 
experiment. The final results, recorded on J une 1 3 , are shown in Table X. 

Table X. — Number of cabbage plants which showed yellows at the end of 20 days after 
transplantation to **sick’^ soil 


Tempera- 

ture. 

Wisconsin HxJlander. 

Commercial Hollander. 

Number 

Number 

Number 

Number 

Number 

Number 


healthy. 

yellow. 

dead. 

healthy. 

yellow. 

dead 

"C. 

14 

3 

0 

0 

3 

0 

0 

17 

3 

0 

0 

2 

I 

0 

20 

3 

0 

0 

0 

3 

0 

23 

2 

0 1 

0 

0 

3 

2 

26 

I 

a 9 

0 

0 

3 

3 

29 

I 

0 a 

0 

0 

3 

3 

32 

2 

I 

0 

I 

2 i 

0 

35 

3 

0 

0 

0 

3 

0 


a The Wisooasiu Hollander plants showed yellows ixi none but the lower leaves, and there only in tnetp^ 
iettt fora. 
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Here again, all three of the Commercial Hollander plants developed 
t3rpical yellows at 23® to 29®, inclusive, whereas only one or two of the 
Wisconsin Hollander plants showed any symptoms of the disease at all 
and then only in incipient form in the lower leaves. The number of 
plants is too small to warrant definite conclusions, but the evidence 
from both field and greenhouse experiments seems sufiicient to indicate 
that older plants are more resistant than younger ones, and also that 
resistance becomes more stable as the plants grow older. There is also 
some indication here that resistance was weakened by starting the 
plants at a higher temperature, but the experiment needs to be repeated 
with larger numbers of plants before final conclusions on this point are 
justified. 

The fact that a higher percentage of yellows develops at tempera- 
tures unfavorable for the growth of the seedlings is further evidence 
that the resistance is “broken down” at these temperatures. It has 
been reported that hereditary characters in several different organisms 
have been modified by changing the environment (including tempera- 
ture) of the individuals. Baur (3, p. 8 -g) found that flower color, an 
inherited character of the Chinese primrose {Primula sinensis rubra), 
was conditioned upon temperature. The plants were grown by the 
usual method until about one w'eek before the blossoming stage; then 
some of them were put into a warm room (30® to 35® C.) and the others 
into a cool room (16® to 20®.) The plants at the higher temperature 
produced pure white flowers, while those at the lower temperature pro- 
duced flower-s of the normal red color of the variety. Biffen (4) , in his 
work on the inheritance of resistance to yellow rust in wheat, concluded 
that any factor altering in any way the metabolic processes of the plant 
in turn alters the degree to which it is attacked by yellow rust and 
probably other fungi as well. He also found that a variety of wheat 
which under ordinary conditions of cultivation would be classed as mod- 
erately susceptible may be severely attacked when large amounts of 
nitrates are added to the soil. 

FIELD EXPERIMENTS 

FIELD observations 

Jones and Gilman (2 /) first recorded the fact that severe attacks of 
cabbage yellows are associated with hot, dry weather. Gilman { 8 ) 
analyzed this evidence in detail and show^ that the incubation period 
of the disease under field conditions is also materially influenced by 
soil temperature. The incubation period was about 14 days in 1912 
when the mean daily temperature 6 inches below the surface was about 
23® C. and 20 days in 1914 when the mean daily temperature at the 
same depth was about 20®. 

Similar observations were made during the summers of 1917 and 1919 
in the same field by the writer. In 1919 the mean daily soil tempera- 
ture 4 inches below the surface was 25® C. at the time of transplantation. 
Thirteen days later 30 per cent of the Commercial Hollander plants 
showed typical yellows. This high percentage of diseased plants, 
together with the different stages of s3mptoms at that time, indicated 
that the ^sease had been present in some of the pl^ts at an ewli^ 
date* According to these observations, the incubation period of the 
disease may vary under field conditions from about 12 days with a 
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mean soil temperature of about 25° to 20 days with a mean soil tem- 
perature of about 20°. It has also been repeatedly observed (ij, S) 
that the plants which escape or survive the disease for the first month 
may remain healthy during the remainder of the season. 

These observations gave sufficient evidence to prove that soil temper- 
ature is an important factor in the development of yellows in cabbage 
plants transplanted into “sick'* fields. However, they do not satisfac- 
torily show what results might be obtained witli younger sellings 
planted at intervals throughout the season. Data upon experiments 
of this nature were considered of distinct value for comparison with 
results obtained in the greenhouse at different temperatures. There- 
fore, experiments were begun in 1917 for obtaining such data. Both 
the resistant Wisconsin Hollander and the susceptible Commercial Hol- 
lander were used. By beginning to plant early in the season and con- 
tinuing until late in the summer, it was possible to have each successive 
crop of seedlings exposed to a different range of soil temperature. It 
was the original plan to plant the seed at intervals of 7 to 14 days and 
record the final data 20 days later, as was done in the greenhouse, but 
for various reasons this schedule could not at all times be very closely 
adhered to. Consequently, the data obtained in these experiments are 
not altogether comparable with those obtained in the greenhouse. Even 
so, as will be shown later, the two sets of data coincide closely enough 
to justify the conclusion that under field conditions soil temperature is 
one of the chief limiting factors in the development of yellows in young 
seedlings as well as in the older plants after transplantation. 

EXPERIMENTAI. METHODS 

The soil temperature was recorded in 1917 in the experimental plot 
at I inch below the surface throughout the growing season and at 4 
inches fora part of the season. In 1919 the temperature was recorded 
only at 4 inches below the surface. Fries kerosene bulb thermographs 
were used for this purpose. The instruments were checked once a week 
against a standardized thermometer to insure accuracy. 

The seed was sown in short rows and observations were made every few 
days for a period of 20 to 30 days. In a few cases more than 30 days 
intervened between observations. During the driest part of the season 
it was necessary to water the soil at the time the seed was planted in 
order to insure germination. The seedlings were counted soon after 
they emerged from the soil, and this number was used as a basis for 
calculating the percentage of disease. The results of the experiments 
of 1917 and 1919 are given in summarized form in Table XI; the percent- 
age of yellows and the range of the soil temperature are shown graphically 
in figures 7 and 8. In these figures is shown the correlation between the 
percentage of yellows and the curves which represent the range of mean 
daily soil temperatures. The mean is an average of the temperature 
ridings taken at 2-hour intervals during the day. This is only a rela- 
tive temperature, of course, because it gives no notion of the duration 
of the extremes, which is undoubtedly an important factor wilh diseases 
of this type. 

Experimental data. — An inspection of Table XI and figures 7 and 8 
shows that seedlings started early in the season may remain absolutely 
free of the yellows disease for the first 30 days, while the successive 
later plantings, up to about August 15, show a progressive increase in 
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the percentage of disease. Plantings made after the latter date showed 
a rapid decrease in percentage of disease until about September 15, after 
which the disease did not develop. It may also be observed (fig. 7 and 8) 
that this rise and fall in the percentage of disease correlates in general 
with the soil-temperature curve. The disease did not appear in the 
early part of the season until the soil temperature had remained above 
1 7® C. for several days, and it ceased to develop in the latter part of the 
summer as soon as the temperature dropped below tliis point. By com- 
paring the temperature curves in figures 7 and 8, it may be observed 
that the soil did not warm up as early in 1917 as in 1919 and that the 
development of yellows was deferred in a corresponding manner. 

During the hot, dry period, which included the greater part of July 
and the first half of August, tlie disease developed as quickly as, and 
even more destructively than, at the high temperatures in the greenhouse. 
This result was probably due to tlie combined influences of high soil 
temperature and low soil moisture, each of which was found to favor 
rapid development of the disease under greenhouse conditions. On the 
other hand, the disease was found to develop more slowly in the field 
at the lower temperatures than in the greenhouse at constant similarly 
low temperatures. This difference was probably due to the effect of 
the wide daily fluctuation of the soil temperature upon the fungus under- 
field conditions— that is, tlie short period of higher temperature might 
have been insufficient for the fungus to recover from the effect of the 
longer duration of low temperature. Often when the mean tempera- 
ture was about 2cf C. the range was probably below 20° all night and a 
large portion of the day, while it remained above the mean only a few 
hours. 

In several instances, during both 1917 and 1919, the plants w^ere left 
in the beds for the greater part of the season 'and observations were 
made upon them from lime to time. By this method it was learned 
that most of tlie Wisconsin Hollander plants which were healthy at the 
end of the first 30 days remained so throughout the experiment. The 
number of plants thus escaping the disease w^as greater when they were 
started in May than when started in July or in August when the soil 
w’as hot and dry. The Wisconsin Hollander plants which were started 
on May 15, 1917, show^ed no yellows at the end of the first 33 days, and 
only 15 per cent 62 days after planting. There w-as no increase in 
percentage of disease between July 18 and July 26. Conversely, tlie 
plants which were started on July 14, 1917, showed 96 per cent of yellows 
on August 4, 2 1 da3rs after planting. Sixteen days later the disease had 
increased to 98 per cent. These data confirm the results obtained in 
the greenhouse, that plants which were permitted to establish them- 
selves before being exposed to the Fusarium at a temperature favorable 
for its attack were more resistant th%n plants started in “sick" soil 
at the optimum temperature for the fungus. In other words, the plants 
became more resistant with age. 
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Tabx<b XI . — Percentage of plants developir^ yellows when planted in the field on deferent 

dates during the season 




N amber 
of dairs 

Total number of plants. 

Percentage of yellows. 

Date of planting. 

Date of 
observation. 

between 
time of 
planting 
and fined 
observa* 
tion. 

Wisconsin 

Hollander. 

Commercial 

Hollander. 

Wisconsin. 

Hollander. 

Commercial 

Hollander. 

1917. 

May 25 

June 27 

33 

100 

100 

0 

5 

Tune 21 

July II 

20 

100 

100 

*5 

57 

June 27 

July 18 

21 

100 

100 

22 

70 

July 14 

Aug. 4 

21 

140 

104 

96 

97 

July 26 

Aug. 20 

25 

89 

205 

94 

94 

Aug. 18 

Sept. 8 

21 

400 

120 

48 

48 

Sept. 22 

Oct. 8 

16 ’ 

100 

100 

0 

0 

1919. 

Apr. 6 

May 8 

32 

200 

200 

0 

0 

May 8 

June 12 

35 

200 

200 

35 

45 

June 18 

July 14 

26 

256 

173 

64 

92 

June 30 

July 25 

1 

191 

96 

94 

96 

July 14 

Aug. 6 

23 

III 

93 

100 

100 

July 30 

Aug. 22 

23 

269 

140 

97 

lOD 

Aug. 6 

Aug. 28 

22 

210 

266 

96 

97 

Aug. 12 

Sept. 16 

35 

390 

360 

100 

100 

Aug. 20 

Sept. 16 

26 1 

28 

13 1 

100 

100 

Sept. 7 

Sept. 27 

20 1 

152 

134 

S 3 

70 

Sept. 16 

Oct. 8 

22 , 

213 

280 

0 

0 


INFLUENCE OF SOIL MOISTURE UPON THE OCCURRENCE OF YELLOWS 
IN CABBAGE SEEDLINGS 

EXPERIMENTAL METHODS 

The experiments for measuring the influence of soil moisture upon the 
occurrence of yellows were conducted during the winter of 1918 and the 
spring of 1919 simultaneously with, and under the same atmospheric 
conditions as, the soil-temperature experiments. The same kind of soil 
and receptacles were used, but no cinders were placed on the bottom of 
the receptacles. The moisture-holding capacity of the soil was found by 
means of 5 by 20 cm. tubes to be 46 per cent. When based upon wet 
weight, this gave approximately 31 per cent moisture. 

"file moisture content of the soil was kept constant during the experi- 
ments through the use of one Livingston cylindrical auto-irrigator, 5 
by 15 cm., in each receptacle, yhe cup was imbedded vertically in the 
soil, and the water reservoirs were so placed that the moisture content 
became adjusted at 14.5, 19, 23, and 26 per cent, respectively, in the four 
sets of duplicate receptacles, llie receptacles with 14.5 per cent moisture 
were kept in the series for only about two weeks when the water columns 
broke and they were not restored in time to keep them in the series. 
Moisture determinations were made just before the seed was planted 
and at the conclusion of the experiment. The percentage of moistute 
at conclusion was only a few tenths of i per cent lower than at the 
beginning. The soil temperature was kept constant at 22® to 23® C. 
throughout the experiment. 
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After the soil moisture had become constant, seed of the Commercial 
Hollander strain was planted in the usual manner, and the final data were 
recorded 28 days later. A few days after the plants emerged from 
soil, they were thinned to the desired stand and a half-inch layer of mineral 
wool was placed over the surface of the soil to equalize surface tempera- 
tures. In Table XII the average results from the duplicate receptacles 
are shown separately for each experiment at the end of different periods 
of time. The average results of the two experiments are given in Table 
XIII and shown graphically in figures 9 and 10. 

TablH XII . — Influence of soil moisture upon the development of yellows in cabbage 
seedlings, shown at end of different periods after seeding 

FIRST EXPERIMENT, BEGUN FEBRUARY 28 AND CONCLUDED MARCH 27 


Number oi days after 
plantixitf 

>9 per cent moisture. 

33 per cent moisture. 

36 per cent moisture. 

Total 
num- 
ber of 
plants 

Per- 

centafie 

yellow 

Per- 

centace 

dead. 

Total 
num- 
ber of 
plants 

Per- 

centage 

yellow. 

Per- 

centaee 

dead. 

Total 
num- 
ber of 
plants. 

Per- 

centage 

yellow. 

Per- 

centage 

dead. 

10 

20 

0 

0 

20 

0 

0 

20 

0 

0 

12 ... 


20 

0 


0 

0 


3 

0 

15 


50 

0 


5 

0 


20 

0 

17 


! 85 

30 


45 

0 


35 

5 

20 


95 

i 50 


80 

15 


70 

25 

24 


95 

I 95 


95 

55 


95 

60 

28 


100 

95 


100 

i 

80 


100 

75 


SECOND EXPERIMENT, BEGUN APRIL 23 AND CONCLUDED MAY 22 


10. 

12 . 

IS- 

17 - 

20 . 

34. 

28. 


0 

0 

27 

0 

0 

31 

0 

40 

20 


0 

0 


3 

70 

30 


4 

0 


52 

70 

40 


15 

0 


65 

80 

60 


1 63 

7 


81 

100 

60 


63 

15 


87 

100 

90 


78 

48 


94 


O 

o 

o 

O' 

29 

42 

61 


Table XIII . — Percentage of cabbage plants developing yellows in soil with different 
moisture contents — average results of the two experiments shown in Table XI I 



Percentage of plants yellow. 

Percentage of plants dead. 

Number of days after planting- 

Z9 per cent 
moisture. 

93 per cent 
moisture. 

96 per cent 
moisture. 

Z9 per cent 
moisture. 

93 per cent 
moisture. 

96 per cent 
moisture. 

10 

0 

0 

0 

0 

0 

0 

12 

30 

0 

3 

xo 

0 

0 

IS 

60 

5 

36 

IS 

0 

O' 

17 

78 

30 

50 

35 

0 

5 

20 

88 

72 

75 


XI 

27 

24 

1 98 

79 

91 

78 

35 

Iff 

28 

100 

89 

97 

93 

64 
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Experim3®ntai. data. — ^From Table XIII it may readily be seen that 
with favorable temperature yellows develops at any percentage of soil 
moisture permitting growth of the cabbage seedlings. However, it 



Fig 9 — Comparison of the rate of developnnent of yellows in Commercial Hollander seedlings given in 
Table XIII, grown aS days at as^ C. 

developed most rapidly and destructively in soil with 19 per cent moisture, 
ev^ though, as will be shown later (Table XIV), this percentage of 
moisture was most favorable for the growth of the seedlings. This was 
a case, then, where the most vigorous plants were the least resistsmt to 
the disease.® The development of the disease with 19 per cent moisture 

* Plants were grown long enough with about zs per cent soil moistttre to show that the yellowf developed 

even more rapidly with this amount than with Z9 per cent moisture. This percentage of moisture was 
about as low as would permit growth of the seedlii^. 
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was veiy rapid until most of the plants were affected^ after which the 
remaining plants showed infection more slowly. Conversely, the disease 
developed slowly but at a fairly uniform rate with 23 and 26 per cent 
moisture, and at the conclusion of the experiment the percentage of 



disease was noticeably lower, especially with 23 per c^t moisture. It 
was rather surprising to find that this comparatively slight difference in 
percentage of moisture made such a significant difference in the rate of 
development of yellows, . 

The difference in death rate of the affected plants is even more s^king. 
At the conclusion of the experiment the number of plants kUled by yel- 

30615—23 6 
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lows at 19 per cent moisture was 29 per cent greater than at 23 per cent 
moisture and 25 per cent greater than with 26 per cent moisture. At 
first sight, this condition suggests that because of the reduced functional 
root system the affected plants were unable to take up the necessary 
amount of water from the soil with 19 per cent moisture. These results 
are probably partially explainable on this basis, but the more rapid 
death rate with 26 per cent moisture than with 23 per cent and the 
general appearance of the plants in the former case suggest the operation 
of some factor in addition to deficient water supply. The fact that be- 
yond a certain point both the general vigor of the highly susceptible 
plants and the percentage of yellows in them decreased with an increase 
in percentage of soil moisture suggests a reduction in the virulence of 
the Fusarium. It is possible, therefore, that the reduced oxygen supply 
in the soil due to increased water content affects both host and parasite. 

INFnUENCn OF son. MOISTURE UPON THE GROWTH OF CABBAGE SEEDLINGS 

It is interesting to note in this connection the influence of soil moisture 
upon the growth of cabbage seedlings themselves. This investigation 
was made simultaneously with the study of tlie influence of soil moisture 
upon the occurrence of yellows. The dry weight of the plants was used 
as an index of growth in this case, as previously, and the plants grown 
in sterilized soil as controls for the second test in the study of the disease 
were used for the determinations. The plants were cut at the surface 
of the soil 35 days after seeding and dried for 16 hours at 95° C. Six 
plants from each of the two receptacles were used. The average weight 
per plant of tlie 12 plants is given in Table XIV. 

Table XIV . — Dry weight of cabbage seedlings grown in soil with different moisture 

contents 


Soil moisture (per cent), .s . 
Dry weight per plant (gm.) 


19 

23 

26 

0 478 

0-343 

0. 251 


It will be seen from the foregoing table that the soil with 10 per cent 
moisture was the most favorable for increase in dry weight. Also, the 
vigor of the plants, rich leaf color, and extensive root system indicated 
that the plants were in a healthy, flourishing condition. Contrasted 
with these, the plants growing in soil with 26 per cent moisture showed 
decided stunting, yellowish-green leaf color, and a greatly reduced root 
system. In addition, the roots were brown and small. Both the dis- 
coloration and the disintegration were even more pronounced in roots 
grown in the “sick” soil, probably because of the action of secondary 
organisms following the Fusarium. The plants grown in the soil with 23 
per cent moisture exhibited characters between &ese extremes. 

The results of tliese experiments show that cabbage is not a high- 
moisture-loving plant and that the Fusarium is more pathogenic in 
soil with low moisture content. 


SUMMARY 

(i) Cabbage yellows, a disease caused by the vascular parasite Fusor 
rium conglutinans^ has been observed to develop in its most destructive 
form in southeastern Wisconsin only under conditions of hot» dry weather* 
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wh^eas there is little or no development even in the “sickest** soils 
during moist, cool weather. 

(2) Hot, dry weather also retards the growth of cabbage plants. 

(3) During such critical periods they become pale green in color and 
show a general lack of vigor; even the resistant Wisconsin Hollander 
shows a considerable percentage of incipient yellows. With the return 
of favorable rainfall and lower temperature the resistant plants over- 
come the attack of yellows and produce marketable heads. 

(4) Such field observations soon convince one that the occurrence 
and severity of yellows are closely correlated with the influence of soil 
temperature and soil moisture, and the question arises as to how far 
and in what way these influences relate to the host on the one hand 
and to the parasite on the other. 

(5) The commercial varieties have shown considerable differences 
in degree of resistance to Fusarium. Also, within any one variety 
there is always a variation in resistance as between individuals. During 
severe seasons most of the plants of the standard commercial varieties 
quickly succumb to the disease; others linger along in a dwarfed con- 
dition, slowly shedding their lower leaves, whereas a few scattered 
individual plants in the field usually remain healthy and produce mar- 
ketable heads. This variation in individual susceptibility or disea6e 
resistance has been the basis for developing the resistant Wisconsin 
strains. 

(6) The preceding observations and experiments were made upon 
plants which had been transplanted into the field. 

(7) Gilman (<?), in his greenhouse experiments, showed that yellows 
did not develop below 17*^ C. while it developed quite destructively at 
23® to 25°. He also studied the effect of certain temperatures upon the 
growth of the fungus in culture, but he did not define the upper tem- 
perature limits either for its growth or for the occurrence of the disease. 

(8) The writer undertook to learn more exactly the factors regar^ng 
these questions, using seedling cabbage plants The purposes outlined 
were: (i) To determine the range of soil temperature for the occur- 
rence of yellows in cabbage seedlings, the air temperature being kept 
constant; (2) to study the influence of soil temperature upon the growth 
of cabbage seedlings in noninf ested soil ; (3) to determine in like ma^er 
the influence of soil moisture both upon the growth of cabbage seedlings 
and upon the occurrence of yellows in them; (4) to study the influence 
of high soil temperature and soil moisture upon tlie susceptibility of the 
resistant strain, that is, upon the “ breaking down ” of resistance. These 
experimental investigations have justified several conclusions bearing 
upon these questions as follows. 

(9) Pure cultures of Fusatiutn conglutinans on potato ag^ plates 

showed the following relations to temperature: (i) The organism grew 
at temperatures ranging from 7° to 35® C. ; (2) the optimum temperature, 
using diameter of colony as a criterion, at the end of 7 days was 25® to 
27°; (3) although no growth took place in 7 days at 37°, the organism was 
not killed at this temperature. ^ m i. 

(10) Cabbage yellows develops in seedlings growing in “sick soil at 
soil temperatures ranging from 17° to 35® C. At 17® it develops very 
slowly even in the most susceptible strains. In naturally infest^ soil 
the disease appears first and develops most rapidly in bo^ resistant 
and susceptible strains at 26** to 29° and in sterilized artificially inocu- 
lated soil at 29® to 32®. 
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(i i) It thus appears that the optimum temperature for the vegetative 
growth of the fungus in culture practically coincides with the optimum 
for the development of yellows in seedlings. This is above the optimum 
for the growth of the host plant. 

(12) Cabbage seedlings grew at all temperatures from 14° to 38® C., 
but only very poorly at the latter. At 38® the seedlings emerged from 
the soil, but most of them died before developing any true leaves. The 
optimum soil temperature for seedling growth was found to be about 
20® when the Wisconsin tank method was used. 

(13) Soil temperature greatly influences the length of the incubation 
period for the disease. Under controlled conditions the incubation 
period varied from 18 days at 17° C. to 8 days at 29° to 32®. 

(14) With constant favorable temperature yellows developed at any 
percentage of soil moisture permitting growth of cabbage seedlings. In 
soil with a moisture-holding capacity of 46 per cent the yellows developed 
more rapidly and destructively in susceptible plants when the moisture 
was held at 15 per cent than at 19, 23, or 26 per cent. At 19 per cent 
moisture the disease appeared two days later than at 15 per cent, but 
once it had started the subsequent rate of development was about the 
same in both cases. 

(15) Nineteen per cent soil moisture was the most favorable for the 
growth of cabbage seedlings when the soil temperature was held at 
23® C. and the air at 14° to 18°. The growth of plants was materially 
checked at 26 per cent and also at 15 per cent soil moisture. At these 
less favorable moistures the color of the foliage was quite abnormal. 
Plants grown at ig per cent soil moisture had healthier color and a more 
extensive root system, and the dry weight was almost twice that at 26 
per cent moisture. Thus it is evident tliat the soil moisture (15 per cent) 
which was too low for good growth of the host plant was most favorable 
for the development of yellows, while the soil moisture (19 per cent) which 
proved almost equally as stimulating to the disease was highly favorable 
for normal development of the host plant. 

(16) The preceding conclusions relative to the relation of soil temper- 
ature and soil moisture to the occurrence of yellows in cabbage seedlings 
were first worked out in the greenhouse under experimentally controlled 
conditions. 

(17) Soil temperature and soil moisture influenced the occurrence of 
yellows in the field in a manner similar to that in the )3feenhouse. With 
seedlings started in May, June, and September when tl^soil temperature 
was low, the disease showed a lower percentage and wa^lower in appear- 
ing than with those started in July and August when a high soil tempera- 
ture prevailed. 

(18) These facts, no doubt, are of significance in the geographical 
distribution of the disease. In the SouSiern States, where cabbage is 
generally grown commercially as a winter or early spriaig ergp, the soil 
temperature is very probably too low for the organism to gein a foot- 
hold on such plants. Reports from these sections indicate, however, 
that where once introduced the Fusarium establishes itself on summer- 
grown cabbage or other related hosts and may be expected to persist 
and attack the crops whenever soil temperature is favorable. 

(19) The foregoing conclusions are based on the general ot average 
bdhavior of the cabbage seedlings. It is in this connection that note- 
worthy variations in the incubation period as between certain individual 
plants in the same receptacle may be as great as between some plants 
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^own at 17® and at 29° C. This variation occurs not only with seed- 
lings of the susceptible strain but also with those of the Wisconsin 
Hollander. 

(20) The great difference in the individuality of plants, as shown 
by the variation in the length of incubation period of the disease and 
degree of infection of plants, is conclusive evidence of a variation in 
degree of resistance. This variation in degree of resistance is, no doubt, 
due to a lack of factors or to a heterozygous condition of some of the 
plants for the factors for resistance. 

(21) The degree of resistance shown by a strain of cabbage depends 
to a considerable extent upon the environmental conditions under 
which the plants are grown. In our trials all plants remained healthy 
in ‘'sick'' soil below 17° C.; many were resistant at 17° to 23®, and a 
small number were resistant at the higher temperatures. At all temper- 
atures within the infection range some plants showed intermediate 
degrees of resistance, whereas others were entirely susceptible. Some- 
what similar results were obtained with different percentages of soil 
moisture. 

(22) Fusarium resistance in cabbage becomes more pronounced 
with increasing age of the plant. Young seedlings of the resistant 
strain, Wisconsin Hollander, developed a relatively high percentage of 
yellows when started in “sick” soil at high temperatures, whereas 
plants grown for 30 days or more in noninfested soil, or even in “sick” 
soil below 17® C., when transferred to “sick” soil at high temperatures 
developed only a low percentage of yellows and then usually only in an 
incipient form. 

(23) This fact has practical significance in predicting, interpreting, or 
improving the performance of this and the other resistant Wisconsin 
strains in the following ways : 

(a) In the first place, it indicates that the strains will give the best 
results commercially when started in a noninfested seed bed during cool 
spring weather. This accords with the best practice of commercial 
cabbage growers in the Northern vStates. 

(b) In the second place, it indicates that these resistant strains may 
safely be recommended for trial in Fusarium “sick” soil in all geographic 
localities where the prevailing temperatures at the different early stages 
of development of the cabbage plants are not distinctly higher than 
those in Wisconsin. 

(c) Finally, the resistance of these Wisconsin strains may be expected 
to “break down” in some degree proportional with the elevation of 
temperature above this point. However, in the Northern States, even 
in the warmer seasons, this usually stops with the incipient stages of the 
disease and leaves the crop commercially successful. If more trying 
conditions are met with elsewhere, it seems probable that through further 
selection strains showing a correspondingly higher degree of resistance 
may be secured. 


literature cited 

(1) BAtw, W. L. ■ - • X r 

1006. THB PHYSIOLOGY OP A SIMPLB PARASITE. Preliimnary note, /n Year- 
book Khediv. Agr. Soc. Cairo, 1905, p. I 7 i-i 95 » pi- 6"'7- References, 


1907. THE PHYSIOLOGY OP A SIMPLE PARASITE. PART II. PIBLD NOTES, 

In Yearbook Khediv. Agr. Soc. Cairo, 1906, p. 9^-99» pl- * 

col. pl. 



86 


Journal of Agricultural Research 


Vdl. XXIV, Na I 


(3) Baur, Erwin. 

X914. RINFOHRUNG in dir RXPRRIMRNTBI.IvB vererbungsli$hrb, 2 neubearb. 

Aufl. viii, 401 p., 131 fig., 10 col. pi. Berlin. 

(4) Biffen, R. H. 

1912. STUDIES IN THE INHERITANCE OF DISEASE RESISTANCE. II. In Jour. 
Agr. Sci., V. 4, pt. 4, p, 421-429. 

(5) Clayton, E. E. 

1920. THE RELATION OP SOIL TEMPERATURE TO THE DEVELOPMENT OF TOMATO 
FUSARIUM WILT. (Abstract.) In Phytopathology, v. 10, no. i, p. 63-64. 

(6) Edgerton, C. W. 

1915. A NEW method op SELECTING TOMATOES FOR RESISTANCE TO THE WILT 
DISEASE. In Science, n. s. v. 42, no. 1095, P- 9i4’ViS- 


1918. A study of wilt resistance in the seed-bed. In Phytopathology, 

V. 8, no. I, p. 5-14, 4 fig. 

(8) Gilman, Joseph C. 

1916. CABBAGE YELLOWS AND THE RELATION OF TEMPERATURE TO ITS OCCUR- 

RENCE. In Ann. Mo. Bot. Gard., v. 3, no. i, p. 25-81, 21 fig., 2 pi. 
Literature cited, p. 78-81. 

{9) Johnson, James, and Hartman, R. E. 

1919. INFLUENCE OF SOIL ENVIRONMENT ON THE ROOT-ROT OF TOBACCO, In 

Jour. Agr. Research, v. 17, no. 2, p. 41-86, 2 fig., pi. 1-8. Literature 
cited, p. 85-86. 

(10) Jones, L. R. 

1917. SOIL TEMPERATURES AS A FACTOR IN PH\TOPATHOLOGY. In Plant World, 

V. 20, no. 8, p. 229-237, 2 fig. Literature cited, p. 236-237. 

(n) and Gilman, J. C. 

1915. THE CONTROL OF CABBAGE YELLOWS THROUGH DISEASE RESISTANCE, 
Wis. Agr. Exp. Sta. Research Bui. 38, 70 p., 23 fig. Literature cited, 
p. 69-70. 

(12) Walker, J. C., and Tisdale, W. B. 

1920. FUSARIUM RESISTANT CABBAGE. Wis. Agr. Exp. Sta. Research Bui. 48, 

34 p., 10 fig. 

(13) Tisdale, W. H. 

1917. RELATION OF TEMPERATURE TO THE GROWTH AND INFECTING POWER OF 
FUSARIUM LiNi. In Phytopatliology, v. 7, no. 5, p. 356-360, i fig., 1 pi. 

(14) 

1917. FLAXWILT;, A STUDY OF THE NATURE AND INHERITANCE OP WILT RESIST- 
ANCE. In Jour. Agr. Research, v. 11, no. 11, p 573-605, 8 fig.,Jpl. 
44-46. Literature cited, p. 604-605. 




PLATE 1 


A. — Comparison of shoots of Wisconsin Hollander cabbage seedlings grown during 
November and December for 53 days from seed in noninfested soil at the temperatures 
indicated. 

B. — Comparison of root systems of plants shown in A. 
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PLATE 2 

A. - — Commercial Hollander plants grown 30 days from seed in sterilized soil at 
17® C. All 10 plants healthy. 

B. — Commercial Hollander plants grown 30 days from seed in "sick" soil at 17® C. 
Three of the 10 dead; all others yellowing and stunted. 

C. — Wisconsin Hollander plants grown 30 days from seed in "sick" soil at 17® C 
All healthy. 

D. — Susceptible Commercial Hollander plants grown 3O days from seed in non- 
infested soil, then 30 days after transplanting to "sick" soil at 15® C All healthy 

E. — Plants of same vitfiety as those in D and grown under same conditions but 
transplanted to "sick" soil at 17° C. Two dead, the other yellow and stunted. 




ACTION OP SOAP UPON LEAD ARSENATES ‘ 

By R. M. PiNCKNiCY 

Assistant Chemist, Montana Agricultural Experiment Station 

Soap is sometimes added to the water used for applying lead arsenate 
as an insecticide. Pew authorities advise its use on apple trees or tender 
vegetation, but it is occasionally advised for use upon hardy and smooth- 
leaved crops, such as cabbage and sugar beets. It is said that the use of 
soap with arsenates is increasing. 

THE ADVANTAGES 

Several advantages are to be gained by the use of soap. The lead 
arsenate remains in suspension longer in soap solution than in pure water, 
hence is more easily and evenly applied, especially when hand-operated 
sprayers are used. The soap also helps to spread the arsenical. J. R. 
Parker (.5) ^ found that soap retarded the settling of lead arsenate and 
stated that it also improved tlie spreading upon smooth-leaved plants. 

THE DISADVANTAGES 

The disadvantage to be feared is that of burning the leaves of the crop 
sprayed by arsenic dissolved by the action of the soap upon the lead 
arsenate. 

Tartar and Bundy (d) in 1913 reported that fruit trees were injured 
by spraying with soap and lead arsenate and showed that the use of the 
soap increased the quantity of soluble arsenic in tlie liquid. They also 
noted that acid arsenate was much more soluble in soap solution than 
neutral arsenate, tleadden (1) had already pointed out the danger in 
using water containing alkali salts for arsenical sprays. It was therefore 
natural tliat some presumed that the solubility of lead arsenate in soap 
solution was due to free sodium carbonate in the soap, and that the dam- 
age could be avoided by using only neutral soaps. However, it has been 
commonly known to chemists for a long time that lead readily forms 
insoluble soaps. Therefore it is to be expected that neutral soaps might 
undergo double decomposition with the lead arsenate, forming lead soap 
and alkali arsenates which would be soluble. This possible reaction may 
be represented thus : 

Sodium soap + lead arsenate ==» sodium arsenate + lead soap. As the 
sodium compounds are soluble and the lead compounds are^ insoluble, it is 
not to be expected that the reaction will go to completion in either direc- 
tion. This double decomposition, however, is not tlie only imaginable 
reaction which might take place between the soap and lead arsenate; and, 
in fact, others have been reported by some investigators and will be dis- 
cussed later. So far as observed by the writer, no one has heretofore 
reported whether or not soaps of different fatty acids behaved differently 
toward lead arsenates. 
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FORMULAS OF LEAD ARSENATES 

The composition and naming of lead arsenates is a matter that was at 
one time in great confusion. It has been held by most chemical workers 
in this field, however, that the lead arsenates on the market fall into 
three classes : 

1. Triplumbic ortho arsenate (Pba(As04)j), called by manufacturers 
“ ortho, ” “ triplumbic, ” “ normal,, or neutral” lead arsenate. 

2. Diplumbic ortho arsenate (PbHAsOJ, called “monoplumbic," 
“ diplumbic, ” “ acid arsenate, ” or simply " leaid arsenate. ” 

3. Mixtures of these two compounds. 

Tartar and Robinson (4, 7) believe that the substances here designated 
as class i are really of much more complicated structure and suggest the 
formula 

2 1 Pb3(As04)j.Pb(0H)2. 10H3O. 

They also state that the diplumbic arsenate, PbHAsO^, can be readily 
transformed into this basic compound by treating with ammonia and that 
by this treatment, a definite quantity of arsenic is dissolved and may be 
recovered in the ammonia solution. It thus is an accurate method for 
the determination of the quantity of diplumbic arsenate in class 3. 

Their formula for this basic compound was refuted in two papers ap* 
pearing at tlie same time by McDonnell and Smith (2) and by G. Ennis 
Smith (3), both suggesting the same formula, Pb50H(As0^i)8, and G. 
Ennis Smith suggesting the name lead hydroxy arsenate. By this treat- 
ment with ammonia, 40 per cent of the arsenic present in the diplumbic 
goes into solution and the rest remains insoluble as the basic compound. 

All investigators agree that the diplumbic arsenate is the more active 
compound of the two and that where conditions are such as to cause any 
apprehension of damage from burning the normal compound should be 
preferred. On the other hand, the acid arsenate contains a greater per- 
centage of arsenic; hc^ce the consumer can secure the required quantity 
of arsenic with a smaller number of pounds to pay freight and profits 
upon. The acid arsenate is sold in much greater quantity in many 
markets. 

G. Ennis Smith, in the paper already referred to (5), states that soap 
acts upon diplumbic arsenate in the way that Tartar and Robinson 
reported for ammonia (4, 7) — ^transforms it into the more basic lead 
arsenate and dissolves some of its arsenic but sets free an equivalent 
quantity of the fatty acid, which is insoluble. Thus assuming that the 
end product is triplumbic arsenate, the reaction is : 

3PbHAs04+ 2NaC„H38CO,= Pb 3 (AsO ,)3 + 2Ci,H35COOH+ Na^HAsO,. 

(insoluble) (insoluble) (soluble) 

In this case 333^ per cent of the arsenic of the diplumbic arsenate is 
made soluble. In case we consider the end product to be lead hydroxy 
arsenate, the reaction is : 

5PbHAsO,+ 4NaC,,H33C03-h Pb3OH(AsO0»+4C„H,3COOH+ 

(insoluble) (insoluble) 

2 Na 2 HAs 04 . 

(soluble) 

In this case 40 per cent of the arsenic of the diplumbic arsenate goes 
into solution. Under this theory there should be no reaction possible 
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between soap and the lead hydroxy arsenate; hence treating that com- 
pound with soap should not bring arsenic into solution. 

McDonnell and Smith { 2 ) state that triplumbic arsenate is formed under 
certain conditions, but that it has a very limited range of existence and is 
readily changed over to the more basic lead arsenate (lead hydroxy arse- 
nate) by treatment with ammonia. By that change 10 per cent of its 
arsenic should go into solution ; hence that should be the maximum pos- 
sible to obtain by treatment with soap if the end product is in fact lead 
hydroxy arsenate. 

On the other hand, if the reaction between soap and lead arsenate is 
of the simple double decomposition type, it might be possible for diplum- 
bic arsenate to yield more than the 33 ^ or 40 per cent above quoted, 
and it might be that the lead hydroxy arsenate would yield soluble 
arsenic. Furthermore, whichever the type of the reaction, its complete- 
ness might be different with soaps of different fatty acids. With these 
points in view, the writer’s materials were selected as follows : 

THK SOAPS 

llie soaps w^ere prepared in the laboratory from c. p. sodium hydroxid 
and the best grade of the free fatty acids, stearic and oleic. Palmitic was 
omitted, as no satisfactory palmitic acid was at hand. After the soaps 
had been prepared they were analyzed for free alkali and for moisture. 
The stearic soap contained 83.1 per cent moisture and 0.85 per cent free 
alkali, computed as sodium carbonate. It was weighed in this form for 
the first series of trials but is recorded on the dry basis. For the second 
series this soap was dried to 4.3 per cent moisture and weighed in that 
form. 

The oleic soap contained 83.5 per cent moisture and no free alkali. 
Though it was not found practicable to dry the oleic soap, on the tables it 
is reported on the dry basis. 

THE LEAD ARSENATES 

The lead arsenates were selected from a large number of samples that 
had been furnished by manufacturers for comparison and are design 
nated in this paper as “M” and “T”. “M” was labeled by the manu- 

facturer “Monoplumbic Lead Arsenate” and contained at the time of 
the first series of tests 41.9 per cent water. When dry, it contained 
arsenic equivalent to 31.53 per cent ASgOg, and lead to 65.4 per cent 
PbO. When received, it was analyzed for water soluble arsenic and 
found to contain, on the dry basis, 0.85 per cent ASjOg. "Hiis w^ 
taken to indicate that this arsenical was a practicahy pure diplumbic 
hydrogen arsenate. A later test on the dried material with 4 per cent 
ammonium hydroxid, in the manner described by Tartar and Robinson 
(4, 7), dissolved 8.85 per cent ASjOg, indicating that only about 67 per 
cent of the material was really diplumbic arsenate (PbHAsOJ and that 
30 per cent of the arsenic present was in some other form. 

” M ” was used in paste form for the first series and in dry form for the 
second. 

”T” was labeled “Triplumbic Ortho Lead Ars^ate” and contained 
46 per cent water, and in the dry material arsenic to the amount of 
25.75 pe** cent As^Oj and lead to 72.10 per cent PbO. The water- 
soluble arsenic when received was equivalent to 0.43 per cent Asa04, on 
the dry basis. This was supposed to indicate* that the paste was as 
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labeled, a pure triplunibic arsenate; but since the authorities already 
noted cast considerable doubt upon the existence of this salt in com- 
mercial lead arsenates, it might have been a mixture. The dry matter 
when treated with 4 per cent ammonium hydroxid, yielded but 0.22 per 
cent of soluble AS2O5, indicating but 1.70 per cent PbHAs04. 

BRINGING THE MATERIALS IN CONTACT 

Preliminary work indicates that when the soap solution is mixed with 
the lead arsenate, either as paste or dry, it is difficult to get concordant 
results for the quantity of arsenic made soluble. It was Siso noted that 
when finely divided lead arsenates were shaken with soap solutions the 
resulting precipitates were bulky and the individual curds frequently 
large. Besides, as would be expected of either lead soaps or free fatty 
acids, they were water-repellent. It seemed probable, therefore, that 
tlie particles of lead arsenate, when brought into contact with the soap 
solution, were at once acted upon at the surface and surrounded with an 
envelope of the water-repellant reaction product, which in turn pro- 
tected the lead arsenate at the interior of the curd from further action. 
This reasoning led to the following procedure. 

In each case, the treatment was carried out with 2 liters of soap solution 
in a 2^-liter acid bottle. The soap to be used for each sample was 
dissolved in i liter of distilled water, to be later mixed with a second liter 
of distilled water, as follows; The water was placed in the acid bottle 
and the weighed sample of lead arsenate was placed in a porcelain 
mortar where it was ground with successive portions of the soap solution. 
The soap and finely divided material was poured into the liter of water, 
taking care that the coarser particles were left in the mortar to be ground 
with the next portion of the soap solution. When all the lead arsenate 
had become so fine as to pass easily into the water with the soap solution, 
the remainder of the liter of soap solution was poured into the bottle, 
making 2 liters. The bottle was stoppered and shaken at intervals for 
five days, then filtered through paper, using suction. One half the 
samples were treated as stated; the other half were ground in the water 
and poured into the soap solution, the only difference being the fluid 
used for the grinding. 

The lead arsenates in the first series were weighed in paste form, 
2 gm. of “M** amounting to 0.346 gra. of ASgOg and to 0.707 gm. PbO, 
and 2.15 gm. of “T’* amounting to 0.289 gm. of ASjOg and to 0.805 gm. 
PbO. 

The soaps were used in two concentrations, 0.6 gm. and 1.8 gm, (dry 
basis) per 2 liters of solution. 

The filtrate thus secured was analyzed for arsenic, while the insoluble 
material was dried, removed from the filter, and preserved for analysis 
for lead and for total arsenic. 

It was found advisable to remove the soap that remained dissolved in 
the filtrate. This was accomplished as follows; The measured aliquot 
to be analyzed was placed in a beaker and a few drops of barium chlorid 
solution were added, just enough being used to clear the solution. The 
insoluble barium soap separated at once and was removed by filtering, 
leaving a dear solution that could be reduced and titrated with iodin 
in the usual Gooch and Browning method (<y, p. 23^). 

The quantity of arsenic rendered soluble and found in the filtrate is 
given in Table I. 
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Table I . — Percentage of arsenic made soluble by treatment of lead arsenate paste wtih 

soap — first series 




Soap. 

Lead ansenate. I 



Solu- 
tion in 

No. 

Ouantity. 

(dry). 

Kind. 

1 1 

Quantity *| 

Brand. 

AmOo 
in 200 cc 

As*06 

rendered 

soluble. 

which 

lead 

arsenate 

1 was 

ground. 

I 

( 7 m. 

0 6 

Sodium stearate . . 

1 Gm. j 
1 2. 0 1 

“M” 

< 7 m. 

0. 01760 

Per eent. 
SO. 8 

Water. 

2 . 

1.8 

do ... 

! 2. 0 

"M” 

. 01870 

54‘0 

Do. 

3 • 

.6 

do 

; 2. 0 


. 01424 

41. 1 

Soap. 

4 . . . 

1.8 

do ... 

j 2. 0 


. 01704 

49.2 

Do. 

5---- 

.6 

do ... 

2. 15 


. 00884 

32.7 

Water. 

6 

1.8 

do 

! 2 . IS 

"T” 

.00573 

19. 8 

Do. 

7 

.6 

do 

2 15 


. 00670 

23. 2 

Soap. 

8 

1.8 

do 

! 2. 15 

‘‘T” 

. 00752 

26. 0 

Do. 

9 

.6 

Sodium oloatc. 

i 2. 0 


•00335 

9-7 

Water. 

10 

1.8 

do 

2. 0 


. 00817 

23. 6 

Do. 

11 

.6 

do 

' 2. 0 


. 00251 

7-3 

Soap. 

12 

1.8 1 

do 

i 2. 0 

“M" 

. 00726 

21. 0 

Do. 

13 ... 

.6 i 

do . ... 

[ 2. 15 


. OOIII 

3-8 

Water. 

14 . 

1.8 j 

do 

! 2. 15 


.00111 

3.8 

Do. 

15 • 

.6 I 

do . . 

1 2. 15 


. 00084 

2.8 

Soap. . 

16 

1.8 ' 

1 

do 

! 2. 15 


. 00084 

2. 8 

Do. 


^ Fables coutaiued: 

Ass 06 . 17.30 per cent. 13.40 per cent. 

PbO . . . 3S-3S per cent. 37.45 per cent 

Table II . — Percentage of arsenic made soluble by treatment of dry lead arsenate with 

soap — second series 




Soap 

Lead arsenate • 



Solu- 








tion in 






AssOft 
in 200 cc. 

AsjO, 

which 

No. 





rendered 

lead 

Quantity 

(dry). 

Kind. 

Quantity. 

Brand. 

soluble. 

arsenate 

was 

ground. 




Gm. 


Gm. 


Gm 

Per cent. 


17.. . 

0. 6 

Sodium stearate. 

1-35 


0. 01280 

30. I 

Water. 

18.... 

1.8 

... do 

1-35 

“M” 

. 02814 

66. 2 

Do. 

19.... 

.6 

do 

1 - 3 S 


• 01325 

31 * I 

S(3ap. 

20 . . . 

1.8 

do 

1.35 

“M” 

.03097 

72.9 

Do. 

21. . . 

.6 

. . do 

I. 20 

“T" 

. 00625 

20 2 

Water. 

22 

22 ... . 

1.8 

do. 

1. 20 

4 « » 

1 . 01084 

. 00596 
.00893 

35- 1 
19-3 
28. 9 

Do. 

.6 

do . j 

1. 20 

«• q'* > 

Soap. 

Do. 

24 

1.8 

do . ... 

X. 20 

*‘T” 

25 

.6 

Sodium oleate 

1-35 

“M" 

. 00144 

3-4 

Water. 

26 

1. 8 

. . . .do , . . .1 

1-35 


.00345 

8. 1 

Do. 

27.. .. 

28.. .. 

29 

.6 

. , . , do . 

1-35 
1-35 
1. 20 


. 00144 
. 00308 

. 00X22 

3. 4 

Soap. 

Do. 

1.8 

.6 

do 

“M” 

7. 2 

do 


3-9 

Water. 

30 

1.8 

.... do 

1. 20 

«l » 

. 00066 

2. 1 

Do. 

31 

.6 

.... do 

1. 20 

«l > 

. 00X22 

3-9 

Soap. 

32 

1.8 

do. , 

i 3. 20 

1 

» 

. 00081 

2. 6 

Do. 


1 Dry arsenate contained; 


Moisture 



in 4 per cent atn- 


“M" 

o 

31.50 per cent. 
65.40 per cent. 

8.85 per cent. 


“T" 

aa4 per cent. 
*5*75 per cent. 
7a.xo per cent. 


e.aa per cent. 
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The second series was in most respects a repetition of the first, except 
that the lead arsenates were dry and used in slightly larger quantities 
per sample. The sodium stearate soap was also almost dry in this case, 
but the quantity of soaps used (dry basis) was the same as before. 

The samples, treatment, and soluble arsenic found are given in Table II. 

The grinding in the water or in the soap solution was perhaps more 
thorough than in the first series, but the shaking was continued for only 
four days. 

It will be noted that the pair of tests 5 and 6, in Table I, are not in 
agreement with other pairs of similar tests. The general tendency is, 
the greater the concentration of soap, the greater the quantity of soluble 
arsenic found, but in this one pair this tendency seems to be reversed. 
It is believed this indicates some mistake, possibly in the numbering of 
the bottles, or of the record. The corresponding pair in Table II, No. 
21 and 22, is in accord with the tendency noted. 

EFFECT OF THE LIQUID USED FOR GRINDING 

Comparison of the quantity of arsenic made soluble in pairs of tests 
etherise identical, but in one of which the grinding was in tlie presence 
of pure water and the other in the presence of soap solution, shows that 
the quantity of arsenic made soluble is seldom the same. It frequently 
varies by several per cent of the arsenic present, but does not always 
vary in the same direction. The cause of this lack of uniformity was 
not determined, but conceivably might be as follows : The shells of lead 
soap formed about the small solid particles of lead arsenate are some- 
what plastic and the real effect of the grinding might be a “churning'" 
one til at would serve to stick some of the particles together and increase 
the protective action of the shells of lead soap. In other cases the grind- 
ing might remove the coating of lead soap, as was the intent when the 
work was done. 

SOLUBLE ARSENIC DUE TO ACTION OF FREE ALKALI DEDUCTED 

Since the free alkali in the sodium stearate soap would probably exert 
some solvent action, it is worth while to compute how much of the solu- 
ble arsenic found might be due to that cause. Starting with the reaction 

Na^CO, + PbHAsO, - PbCO, + Na^HAsO^, 

the highest ratio possible between sodium carbonate and soluble arsenic 
pentoxid is i to 1.085. On this basis Table III is computed from the 
data already given, showing the quantity of sodium carbonate present, 
the equivalent quantity of ASgO^ that might be made soluble, the quan- 
tity of soluble arsenic as actually found, and, by difference, the quantity 
that must be made soluble by the neutral soap, the quantity of ASgO, 
present in the lead arsenate used, and the percentage made soluble by 
the action of the soap aside from the free alkali. 

Since the oleic soap contained no free alkali, no similar table is pre- 
sented for correction of the results on oleic soap in Tables I and II. 
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Table III . — Quantity of that might he made soluble by the free {excess) sodium 

carbonate unth stearate soap {4.72 per cent) 


No. 

Brand of 
lead orsen- 

Weight of 
free 

Equivalent 
wtight of 

A‘;»05 
found in 

Quantity 
due to 

Total 
AsjOs m 

.. 

Arsenic 
nmde solu- 


ate. 

NasCOs 

AssOs 

a liters. 

soap (by 
difference). 

system. 

ble bv neu- 
tral soap. 



Cm . 

Gm 

Grn , 

Gm, 

Gm. 

Per cent . 

I 

O.OOQ5 

0.0103 

0. 1760 

0.1657 

0 3460 

47-89 

2 

“M” 

.0285 

.0309 

. 1870 

.1561 

3460 

45-12 

3 


.0095 

.0103 

.1424 

.1321 

.3460 

38.18 

4 

“M” 

.0285 

.0309 

.1704 

•1397 

•3460 

40.37 

5 

"T” 

.OOQ5 

.0103 

. 0884 

.0781 

.2890 

27.02 

6 


.0285 

.0309 1 

•0573 

.0264 

.2890 

9 13 

7 

“T” 

.0095 

.0103 

.0670 

.0567 

.2890 

19.62 

8 

“T” I 

.0285 

.0309 

.0572 

.0261 

.2890 

9.02 

17 

“M” 

.0095 

.9103 

. 1280 

.1177 

1 -4050 

29,06 

18 

“M" 

.0285 

.0309 

.2814 

•2505 

1 .4050 

61 85 

19 


.0095 

.0103 

•1325 

. 1222 

1 -4050 1 

30.17 

20 


.0285 

.0309 

•3097 

.2788 

1 . 4050 

68.84 

21 

“T” 

.0095 

.0103 

.0625 

.0522 

.3090 

16 89 

22 

*‘T” 

.0285 

.0309 

.1084 

•0775 i 

i .3090 

25.08 

23 

*‘T" 

.0095 

.0103 

1 -0596 

0493 1 

.3090 

15.95 

24 

“T” 

.0285 

•0309 

.0895 

0586 ! 

.3090 i 

18 96 


I 


It is plain from Tables I, II, and III that “M” is very much more 
acted upon by both soaps than is “T** and that sodium stearate is very 
much more (two to seven times) effective in dissolving arsenic from lead 
arsenates than is sodium oleate. It follows that if it is desired to use 
soap with lead arsenate in spraying, the danger of injury from arsenic in 
solution can be diminished in some degree by seeming triplumbic arsenate 
but could be almost entirely overcome by using only sodium oleate as 
the soap. 

It is also clear that sodium stearate at least does not act as stated by 
G. Ennis Smith (5), but dissolves arsenic from the basic arsenate and 
dissolves much more than the 40 per cent that should be made soluble 
in transforming diplumbic into lead hydroxy arsenate. This behavior is 
exactly in accord, however, with the supposition that the reaction is of 
the double decomposition sort, giving insoluble lead soaps as one of the 
end products, mstead of free fatty acids as Smith states. In order to 
confirm this supposition, the insoluble residues from the first series were 
analyzed for arsenic and for lead. 

In case the reaction stops as soon as the lead hydroxy arsenate is 
reached, the ratio of lead oxid to arsenic pentoxid could never be greater 
than that in the lead hydroxy arsenate, i to 3.23, and would usually be 
lower than that, as there would be some material unacted upon. On the 
other hand, if the reaction is of the double decomposition sort, it might 
be possible to carry the reaction far beyond that ratio, as in fact occurs 
in six of the eight samples that were acted upon by sodium stearate. 
When oleate soap was used, the reaction was so incomplete that the ratio 
never approaches even i to 3. It may be that soap first transforms 
diplumbic arsenate into lead hydroxy arsenate and then undergoes a 
double decomposition with that salt, but it is hard to explain the results 
on the supposition that the action stops at the lead hydroxy arseipte. 
The results of the analysis of the dry insoluble residue and fihie ratio of 
ASjOj to PbO are given in Table IV. 

30616—23 7 
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Tablt$ IV . — Analysts of o.l gm. dry insoluble residue from heatment of lead arsenate 

with soap solution 


No. 


Soap, 

Ircad arsenate. 

Wciylit of 

Weight of 

Ratio of 
AssOs to 
PbO 

Quantity. 

Kind. 

Quantity. 

Brand 

AssOs. 

PbO 


Gm, 

0.6 

Sodium stearate .... 

Gm 

2.00 

“M” 

Gw. 

O.OtOI 

Gm. 

0.0437 

I : 4-3 

2 

1.8 

do 

2 00 


.006s 

.0274 

I : 4.2 

3 

.6 


2.00 

“M" 

.0122 

.0460 

I : 3-8 

4 

1.8 


2.00 

“M" 

.0065 

.0283 

I : 4-3 

S 

.6 

do 

2-15 

“T" 

.0132 

•0475 

I :3.6 

6 

1.8 

. . do 

2. IS 

“T” 

.0092 

.0310 

I : 3.4 

7 

.6 

; -do 

2.15 


.0140 

.0468 

I '• 3-3 

8 

1.8 


215 


.0086 

.0257 

1 .3.0 

9 

.6 

i Sodium oleate ... , 

2.00 

“M” 

0256 

•053S 

1:2.1 

10 

1.8 

I. . . .do 

2 00 

“M” 

' .0211 

.0482 

I : 2.3 

n 

; -6 

... do 

2.00 

“M” 

1 .0322 

•OS.32 

I : 1.7 

12 

1 1. 8 

• 

2.00 

“M” 

I .0204 

, .0470 

I : 2.3 

13 

' .6 

1 . . do . 

2. IS 


1 . o ?44 

1 •063s 

I ‘. 2.6 

14 

1 1.8 

1 .... do 

2.15 

“T” 

j . 0242 

1 .0610 

I : 2.S 

15 

.6 

' ... do 

2.15 


1 .0221 

! .0564 

I :2.5 

16 

1.8 

1 

! . . do 

1 

215 j 

“T” 

j .0185 

1 .0482 

1:2.6 


Theoreticdl for diplunibio ortho ursctuitc (PbHAsO^) i 1.Q4 
Theoretical (or triplumbic ortho arsenate (Pb^(AsOOs) i a 91 
Theoretical (or leiul hydroxy arsenate (PbsOH.fAsO*).,) i . 3 aj 


SUMMARY 

The data exhibited make the following conclusions plain 

(1) That pure soaps dissolve arsenic from both samples of lead arsenate 
and therefore might cause injury to foliage. 

(2) That sodium stt'arale is much more effective in dissolving arsenic 
from both “M"' and "T” than is sodium oleate, from two to six or even 
seven times as much soluble arsenic being found in the solution of the for- 
mer as in the latter. 

(3) That, as Tartar and Robinson point out (4, 7), the arsenic of 
diplumbic arsenate is much more acted upon than the more basic com- 
pound. 

(4a) Increasing the concentration of the stearic soap solution increased 
the amount of arsenic made soluble. 

(4b) Increasing the concentration of the oleic soap made more arsenic 
soluble from the acid lead arsenate “M'* but did not increase the 
amount made soluble from the basic lead arsenate “T.” 

(5) The extent of the action was sometimes greater when tlie lead 
arsenate was ground in water than in the soap, sometimes less. No 
definite statement can be made as to which is most effective. 

(6) Sodium stearate dissolves far too much arsenic from diplumbic 
arsenate to confirm the supposition that its action stops with ^e con- 
version of diplumbic into lead hydroxy arsenate. 

(7) Both sodium stearate and sodium oleate dissolve arsenic from 
basic lead arsenate, the stearic soap in large quantities (as much as 25 
per cent). 

(8) Numbers 6 and 7 together indicate that the action of soaps upon 
lead arsenates is of the double decomposition sort. 
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(9) Danger of injury from soluble arsenic in spraying with lead arse- 
nates and soap can be largely eliminated if the soap is entirely made 
from oleic acid. 
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PHYSIOLOGICAL REQUIREMENTS OF ROCKY 
MOUNTAIN TREES ^ 

By CARtos G. Bates * 

Silviculturist, Forest Service, United States Department of Agriculture 
I. INTRODUCTION 

The most casual observer ascending any mountain range in the western 
United States can hardly fail to be impressed with the fact that there is a 
shaip line of demarcation between the grassy plains at the base of the 
mountain and the wooded slopes of the mountain proper. As one ascends 
farther, gradual or sometimes very abrupt changes are noted in the char- 
acter of the forest cover. With increase in altitude the forest generally 
becomes more dense, trees of greater stature are observed, and those who 
are able to distinguish note 5 ie occurrence of new species in each alti- 
tudinal zone. To a lesser degree the same differences in the forest cover 
may be noted on opposing slopes at the same elevation — that is, slopes 
facing the south bear forests similar to those at lower elevation, while 
those facing the north have the character of higher altitudes. The 
vegetation of ridges is always different from that of ravines at the same 
altitudes. 

The laymen will recognize that these differences in the forest cover are 
the result of different “growing conditions “ at different elevations, just 
as a person who had lived in tlie South would recognize, almost instinc- 
tively, that the growing conditions of the mountain valleys of Colorado 
could not possibly be suited to the cultivation of com or cotton. 

While the intensive study of the relations of plants to the soil and 
climatic conditions which comprise their environment goes under the 
formidable name “ecology," ecological knowledge is not confined to 
scientists and, in fact, has ^en common property for ages. The writer 
has had opportunity to observe the first impressions of a great many 
people who were visiting the western mountains for the first time, and 
has been impressed by the amount of lo^c exhibited in relating cause 
and effect in the matter of forest distribution. Why does this southerly 
exposure bear an open, scrubby forest of yellow pine, and that northerly 
exposure, directly opposite, bear a much more dense stand of vigorously 
growing firs? Often the people who know no botany and much less 
ecology take in the situation at a glance, at least so far as it is possible 
to do so from superficial evidence. 

To the forester such questions are of the utmost practical importance. 
Not only is it the forester's business to know the trees with which he 


*This project l£» been unJer the direction of the writer since its inception in igio. and he assumes full 
responsibility for the quality of the work done and for the conclusions deduced from the data It is, how- 
ever a pknsure to acknowledce the sreat efforts which have been required of a number of observers ui the 
acctimulatiira of the records The records furnished by the Weather Bmeau are duly adcnowled«ed and 
the efforts of all those numerous and changing observers who have created these records The records of the 
Waeon Wheel Gao and Fremont Experiment Stations are the result of the concerted effort of many regular 
obsnms. all 6f wSom deserve credit. The original installation of instruments at the Wagon Wheel 

Station was made, and tiie records were obtained for two years, under the direction of B. C. 
Kadel, of the Weather Bureau. 
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is daily working, their relative and absolute demands for moisture, 
light, heat, and soil fertility, but he must be ready to make practical 
use of such knowledge in formulating his plans for reforestation and in 
deciding upon the amount and kind of timber which may safely be 
cut from a given area. Consciously or unconsciously he is daily making 
use of whatever knowledge he may possess as to the physiological re- 
quirements of each species in his region — that is, those properties of the 
tree which determine that it will grow best under certain conditions 
of soil and atmosphere. It is of the utmost importance that this knowl- 
edge should not be superficial and that through the increase in scientific 
facts forestry should be removed from its empiric basis. 

Unfortunately, much of our knowledge of tree physiology and tree 
requirements is still very vague, and it is the aim of forest ecology to 
increase, systematize, and analyze such knowledge. As a means of 
systematizing the knowledge of trees, in this report we speak of an area 
of forest of essentially uniform composition as a forest type; and it 
is assumed, since the composition of the forest is uniform over a given 
area, that tlie environmental conditions which have brought tliis uni- 
form forest into existence must be just about the same over the whole 
area, or at least must have been the same at the time when the forest 
started. Usually a forest type is given the name of the tree species 
which predominates and gives it its essential character, even though 
a great many other species may occur in the same stand in lesser num- 
bers. Thus a forest in which Douglas fir is the most prominent tree, 
with occasional neighbors of spruce and pine, would be spoken of as 
a “Douglas fir type." The word “type" is somewhat loosely used to 
refer to the ground occupied as well as to the forest itself. 

A broader use of the word “type" is as a synonym for forest zone 
or altitudinal zone. It is true that the character and composition of 
the forest changes gradually with a change in altitude, and, for example, 
most of the ground between elevations of 8,000 and 10,000 feet, in a 
given region, might be occupied by Douglas fir stands. But, from the 
lower extremity, a great many strips of yellow pine forest might extend 
into this zone on the warmer, southerly exposed areas, and likewise 
from the upper edge there would extend belts of spruce. As a general 
term, ther^ore, the word “zone" is far preferable to “type,” and the 
latter will be used in this report only for specific areas bearing forests 
of uniform character. 

As a further distinction between forest areas, the forester has brought 
into use the word “site" to describe the producing qualities of the ground 
with respect to any particular species. Thus among many Douglas fir 
types, all of which were characterized by the predominance of Douglas fir 
over other species, it might be desirable to distinguish those of the best 
quality as “ Douglas fir sites I " and those of very meager producing qual- 
ities as “ Douglas fir sites III. " Such distinctions are usually based upon 
the evidence of the tree growth itself — that is, either the apparent rate 
of growth determined, for example, by the general vigor of the stand, or 
the growth rate actually measured, is the best possible evidence of the 
quality of the ground. But there is every reason to believe that the pro- 
ductive capacity of the ground can be measured, sooner or later, in terms 
of the soil quality and Sie atmospheric conditions which simultaneously 
affect tree growth, so that any systematic effort to study forest types and 
to describe those qualities which distinguish them must inevitably be at 
the same time a study of sites. 
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OBJECTS OE THE PRESENT STUDY 

Having now shown in a general way the nature of the problem which is 
constantly under consideration by students of ecology and forestry, the 
purpose of the study (one phase of which is covered by the present paper) 
may be definitely stated- As a matter of fact, it has several purposes, 
which are by no means distinct, but wortliy of individual enumeration. 

1. To compare the environments of the several species of trees with 
respect to each condition which may be separately measured, in order to 
determine what particular conditions have the most important bearing 
on the initiation of new stands, favoring one species rather than another. 

2. After noting the differences in the conditions of the various types, 
which really indicate differences in the physiological functioning of the 
species, to determine experimentally the degree of such differences as may 
exist between the species, and, as a result, the degree of difference in the 
actual requirements of the species for optimum growing conditions. This 
second object can hardly be attained in the field without most extensive 
long-term study, and necessarily resolves itself into experiments under 
controlled conditions of temperature, light, moisture, etc. The present 
paper deals largely with the results of such experiments. 

3. To describe the conditions of the various forest types of the region 
in such a manner as will explain most clearly the reasons for the success or 
failure of artificial forestation, so far as these may result from the environ- 
ment, and the conditions and means necessary for successful natural 
regeneration after fires or cutting. Here the object is to lead away from 
empiric silvicultural “systems’" and toward the attainment of definite 
environmental conditions in all silvicultural practice. 

4. To convey a conception of the conditions under which the Rocky 
Mountain forests exist — that is, a view of the climatic and soil conditions 
of the forest region as a whole. 

It is needless to state that not all of these objects have been attained in 
the present work, which should be considered as something of a pioneer 
effort, merely blazing the way for much greater efforts and more refined 
methods which are necessarily for the future to bring forth. The hope 
may be justified, however, that the results and conclusions of this study 
will add somewhat to the information on the general subject and encourage 
the doing of more intensive work. 

SCOPE OF WORK 

The entire work, of which this paper repre.sents only a part, is mainly 
a study of the physical environments of a number of different forest 
types in Colorado and Wyoming. The detailed study of the composi- 
tion of these several types has not been given a great deal of attention. 
Since the forest conditions are common ones and are frequently encoun- 
tered in the region, it is believed that the indications of prevailing com- 
position and of changes in composition, as they may be expressed in 
general terms, will be as valuable for present purposes as tabulated 
statements of the number, size, and kind of trees found at the several 
stations. The observations of meteorological conditions and of certain 
soil conditions thought to be fully as important, have, therefore, com- 
prised the major part of the field work. 

However, the early efforts (j) ® to summarize and compare these site 
conditions, as given in meteorological and soil records, and to deduce 


• Reference is made by number (Italic) tp *f I4terature dted,** p. i63*'*64. 
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therefrom the full reasons for the presence or absence of a given* spedes 
on the various sites were so far from satisfactory that the need for con- 
trolled experiments to indicate the comparative reactions of the several 
species has long been apparent The amount accomplished in this 
line is not insignificant, and, since the results aid very materially in 
interpreting the field conditions, we have chosen to present, first, all of 
the physiological data that are available. In other words, we shall first 
consider the manner in which the several species are affected by more 
or less controlled conditions in the laboratory or greenhouse; then, 
haps, we may weigh more precisely the importance of each condition 
encountered in the field, and especially avoid the almost universal Md 
inevitable error of placing reliance upon the measurement of a condition 
which has not really been measured or expressed in the proper terms. 

Of the meteorological records which are used in this report the larger 
share have been obtained by the Forest Service at the Fremont Experi- 
ment Station, near Manitou, Colo., and by the Weather Bureau and 
Forest Service, cooperating in an intensive project at the Wagon Wheel 
Gap Experiment Station, near Wagon Wheel Gap, Colo. It has been the 
aim to conduct the meteorological work at both these stations on a high 
plane of accuracy, with equipment as complete as was thought necessary. 
At both places the observations have covered elevations from the station 
headquarters at about 9,000 feet to timber line at 11,000 or 12,000 feet. 
In both cases, too, soil moisture and soil temperature data have been 
secured during most of each period of atmospheric observations. 

In addition, the Forest Service has equipped and operated from the 
Fremont Station three subsidiary stations at which the Weather Bureau 
had previously started the usual observations of precipitation and air 
temperature. These stations were manned by forest officers, and a 
very diligent effort has been made to obtain continuous records for them. 
The stations in question are at the Monument Nursery, in the yellow pine 
type near Monument, Colo., at the Foxpark Ranger Station, lodgepole 
pine type, at Foxpark, Wyo., and in the Nebraska sand hills, where the 
planting of yellow pine and jack pine has reached such large and successful 
proportions. The first station is only about 20 miles north of the Fremont 
Station and for all practical purposes may be considered as belonging in 
the Pikes Peak altitudinal series. 

Although the Weather Bureau records of precipitation and air tem- 
perature, secured through cooperative observers, were available for a 
large number of stations in the region covered by this report, and many 
such stations are within the mountain forest zone, only limited use has 
been made of such records, and for the following reasons : 

(а) Many such observation points are situated, with the small towns, 
in deep valleys where the conditions met with, especially those of air 
drainage and soil composition, are not at all the conditions of the adja- 
cent forested slopes. In fact, nearly all such valleys, especially if they 
possess a distinct flood plain, are devoid of forest cover, and to use their 
weather records in this study might lead to very erroneous conceptions 
though the temperature conditions alone are probably not responsible 
for the absence of forests. 

(б) The records obtained at all such mountain stations are only those 
of precipitation and air temperature. No soil data whatever are secured. 

The special work in this project dates from January i, 1910, when the 
control station at Fremont was equipped. Records obtained up to 1918 
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have, in general, been employed, the summarizing of data having been 
started at that time. However, some records particularly needed have 
been added since 1918. The period of operation, as well as the equip- 
ment of the several other stations, is given under the respective descrip- 
tions. 

METHOD OF STUDY 

As has already been indicated, the primary data to be presented in 
this study are records of climatic and soil conditions in different forest 
types, and the main object of such presentations must be to show that 
differences in climatic and soil conditions, between the forest types, 
either do or do not exist in sufficient degree to account for the varying 
phenomena of occurrence and growth. 

Since the special data collected by the Forest Service in no case cover 
periods long enough to establish the “normar’ conditions of any of the 
forest types (and by this we mean the average conditions for a period 
of at least 10 years), and since even “normal” conditions as established 
by 10 years of observation are certain always to be changed by the 
addition of further records, it is necessary that we adopt short-period 
records as a basis for comparison. Such adoption can not be fraught 
with any serious dangers when the forest types to be compared are in 
the same general locality, that is, in the path of the same air currents; 
storm centers, etc. Any considerable separation of the stations, how- 
ever, especiall)^ in a rugged mountainous region, is likely to introduce 
temporary variations in certain conditions which are not “normal,” and 
particularly in those factors which are most directly influenced by the 
paths of storm centers. Thus, at the moment of writing this statement, 
it appears tliat the storm centers have for some time been passing con- 
siderably to the north of the Pikes Peak region, giving that locality 
rather unusual westerly winds and leaving it with a dearth of moisture, 
so that at the end of May an unprecedented shortage of water exists. 
Scarcely 100 miles to the north, unusually large accumulations of snow 
are reported at the same moment. Again, the moisture factor is most 
variably influenced by the restricted character of many of the summer 
showers; especially are the heaviest downpours in a given locality likely 
to affect only a very small area. 

Temperatures are generally not so directly affected by local conditions. 
Thus the month of December, 1917, was not only an unusually warm 
month at the Fremont Station but showed the same character over a 
large part of the western United States, and January, 1918, was, like- 
wise, generally cold to an unusual degree. 

We may, therefore, feel safe in comparing the records of any two 
near-by stations for short periods, whatever the factor under considera- 
tion, and we shall demand an increasing period as the distance between 
stations increases. 

Fortunately, tlie dozen or more stations located in the vicinity of 
Fremont all come under the same general influences. This is true of 
the entire area from the plains to the summit of Pikes Peak, with tlie 
exception that summer rains frequently fall in one part of the area 
without wetting other parts. Winter snows may also be so localized, 
but usually in conformity with altitudinal zones. It is true, two stations 
not 100 yards apart may on a given day have temperatures varying by 
a couple of degrees in one direction and on the next day varying in the 
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opposite direction. Such variations from a consistent relation are, how- 
ever, always small, and there is every reason to believe that the means 
of a single month usually express essentially the normal temperature 
relation between two stations for that month of any year. 

Therefore the method of study and the method of presenting results 
is that of comparing each factor for any station with the corresponding 
factor at the control station for whatever period observations may have 
been taken at the outlying station. As a basis for this comparison we 
have the record of each factor at the control station, measured with 
practically no variation in method from January, 1910, to date. Excep- 
tion should be made here to the measurement of evaporation, in which 
a satisfactory method was not attained until 1917. 

The detailed methods of taking meteorological observations, so far as 
they vary from the standard methods of climatologists the world over, 
will be described in connection with each condition measured. 

REVIEW OP OTHER WORK ALONG SIMILAR LINES 

Although much systematic ecological study has been attempted in the 
United Stales and other countries, and the western portion of our own 
country has offered an especially attractive field for ecologists because 
of the sharp contrasts in vegetation and causative factors which are 
found in relatively small areas, still the main field with which foresters 
are concerned has barely been scratched. Several studies, which might 
have been very productive, scarcely satisfy the forester’s requirements 
because of the lack of long-term records. 

Be that as it may, a number of authors have obtained facts and 
deduced conclusions as to the distribution of our Central Rocky Mountain 
forest trees which we can not afford to overlook. No attempt will be 
made at this stage to introduce these facts, which may better be men- 
tioned in connection with my own discussions and conclusions. I shall 
merely list here the works which have a direct bearing on the major 
problems, and with no attempt to cover the general or specific physio- 
logical studies. 

Clements (7, 8^ 10) in three of his works presents many valuable ideas 
regarding the relation of Rocky Mountain vegetation to environmental 
conditions, and with particular reference to the Pikes Peak region, in 
which much of his investigation has been conducted. The latest of 
Clements’s books, “Plant Succession” (10), published in 1916, may be 
said to cover the entire ground of the earlier works, bringing all of his 
observations under one comprehensive theme, namely, the changes 
which occur in the character of the vegetation of a given area as fiie 
result of reactions of the plant forms upon the environment and of 
gradual changes in the climatic and edaphic (soil) conditions. 

In a more specific work Clements (p) gives to foresters a much more 
tioncrete idea of the requirements of an important tree species, lodgepole 
pine, with lesser data on its common associates. 

Ramaley (16, 17), working near Boulder, Colo., and in the deeper 
motmtains at Boulder Park, has likewise made numerous observations 
on the forest types and zones of Colorado. His papers, however, make 
no claim of extensive systematic measurement of physical factors and 
hence can be considered as having only suggestive value in connection 
with the present work. In both of the papers cited the theme is a classi- 
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fication of Colorado forests according to moisture conditions and com* 
position. 

Shreve {24, 23), working at the Desert Laboratory at Tucson, Ariz., 
and in the Santa Catalina Mountains adjacent thereto, has in a number 
of papers published results directly bearing on the subject in hand. 
“The Vegetation of a Desert Mountain Range" is the most comprehen- 
sive of these papers and covers most fully the ultimate problems, beyond 
pure climatology, with which the forester is concerned. Although the 
Santa Catalinas are somewhat different from the Central Rockies in 
being surrounded by desert on nearly all sides and in having a different 
seasonal distribution of rainfall, yet it is apparent that the limiting 
factors for the occurrence of a given species must be essentially the 
same in the two regions; else all attempts to formulate a systematic 
ecology would be vain. These factors may not, it is true, appear quan- 
tatively alike under present methods of measurement, but, if so, we 
should seriously question the method of measurement. 

It will be noted that in the papers referred to Shreve ascribes the main 
control of the upward extension of desert plants to temperature, and in 
another paper {2^) he has quite convincingly shown that the duration of 
freezing temperatures is all-important with plants accustomed to the 
ordinarily warm winter air of the desert. With this view we shall have^ 
no reason to take issue. The other main conclusion, that lack of mois- 
ture limits the downward extension of the forest species, individually 
and collectively, will, it is believed, be found subject to question or at 
least modification. 

Robbins {t8) has prepared the most recent and complete summary of 
Colorado's climatic conditions in relation to native vegetation and agri- 
culture. While, as slated by the writer, this work attempts to show 
only a qualitative relation between climate and plants, it is, neverthe- 
less, excellent both in the data systematically presented and in the rela- 
tions described. For the most part these relations are too broadly 
stated to be of direct assistance in the present study. A quotation from 
the discussion of the freezing of plants is of considerable technical 
interest : 

It is a familiar observation that some of the inore tender plants are injured by 
temperatures above the freezing point; and that, on the other hand, there are many 
plants that may witlistand temperatures considerably below the freezing point. This 
statement may apply not only to dormant plant parts, but to swelling buds, open 
flowers, and forming fruit as well. The plants at timber line and above are subject 
to freezing temperatures almost every night in tlie year. The exact nature of this 
immunity to low temperatures is not knowm. 

Weaver (27) in 1917 studied the desert- to-mountain formations of 
Washington in a manner not unlike Shreve’s, and ascribes the changes 
in vegetation mainly to increasing soil moisture and decreasing evapora- 
tion with a rise in elevation. 

Shantz (^o, 21) has dealt with problems intimately connected with the 
factors limiting fihe downward extension of the Rocky Mountain forests. 
Particularly is Shantz's work enlightening to foresters in the thorough 
treatment of the soils problem. He has made it plain that the lighter 
soils of the plains, characterized by bunch grass, show much less variation 
in productivity from year to year than the heavier, loamy soils which 
develop the grama-buffalo-grass association. This difference is due to 
greater penetration of both moisture and roots in the lighter soil as well 
as to the greater availability of the moisture when the content becomes 
low, tending to encourage slow growth, and the longer lived bunch grass. 
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By analogy we may say that the same relation exists between grassland 
or sage brush and the lowest type of forest, commonly called “wood- 
land” by foresters, since it is obvious that there can be no important 
change in climatic conditions in the small space between the centers of 
development, and that the development of the forest is made possible 
by the slight soil changes resulting from elevation, surface erosion, and 
leaching, all of which maintain a younger soil. 

The establishment of the forest experiment stations in the western 
United States, beginning with that at Flagstaff, Ariz., in 1908, gave 
unparalled opportunity for the collection of forest and climatological 
data over a period of years. As a result, studies similar to the present 
one have been initiated in Arizona, California, and Idaho, and the study 
of forest and herbaceous vegetation has been carried on in connection 
with a number of experiments at the Utah Station, where grazing prob- 
lems occupy the attention first. The strictly forest studies, however, 
are for the most part not yet ready for publication. 

Pearson {14) at the Flagstaff Station early investigated the effect of 
yellow pine forests upon local climatic conditions, by securing data in 
the forest, the edge of the forest, and “parks” (grassy, meadowlike 
openings) of considerable extent, ^^ile the climatic conditions recorded 
by Pearson are interestingly compared with our own, this study can not 
be said to throw very much light on the conditions governing different 
forest types. 

However, Pearson (15) has recently made available the results of 
observations at a series of stations in the San Francisco Mountains, in 
a very comprehensive way, and we shall have reason frequently to com- 
pare his conditions with our own. 

We have, similarly, had access to an unpublished report by Larsen * 
on the conditions of Montana and Idaho, which has been extremely 
helpful in giving comparable data. 

Ihe problem of the prairies in the Middle West, and their physical re- 
lation to the occasional forested areas, has received considerable atten- 
tion, and this problem is not too remote from our own entirely to lack 
interest. On this subject may be considered the work of Shimek (2^), 
who concludes, regarding Iowa conditions: 

I. Exposure to evaporation as determined by temperature, wind, and topography 
is the primary cause of the treelessness of the prairies. 

and 

3. Rainfall and drainage, while of imjwrtance because determining the available 
supply of water in both soil and air, are not a general, determining cause, both fre- 
quently being equal on contiguous forested and prairie areas, 

Shimek also dismisses fires as a cause of the absence of forests. It is 
believed that the later conclusions of Weaver and Thiel (2^* 28), with ref- 
erence to Minnesota, are essentially in agreement with this. The point 
which seems to have been overlooked here, and in all similar discussions, 
is that forests occur usually on the slopes of ravines or on hillsides, where 
the old soil is being rejuvenated by a secondary erosion and where, 
even with less moisture than in the heaviest soils, the availability may be 
greater. Considered from this angle, the occurrence of forests in the 
prairie region is exactly parallel to their occurrence on the first mountain 
elevations at the edge of the plains. 

< J A. CUlf ATXC STUDY 09 TYPSS, DlSnUCT X. U. 8 . Dcilt. AfT. POKlt SCIT., Ullptib- 

Sailed report. 19x8. 
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It will be fairly evident from the reading of the few treatises which 
have been mentioned that the region under discussion has not been neg- 
lected by ecologists. It will be equally evident that there is still room 
for much systematic effort in the study of the environmental factors in 
order that the theories advanced regarding the distribution of mountain 
forests may be more thoroughly tested by well-established facts. The 
most apparent fact, after considering all of these regional studies, is that 
so far ecology has given the physics of the soil-moisture problem entirely 
inadequate attention. 

II. PHYSIOLOGICAL STUDIES LEADING TO AN INTERPRETATION OF 
THE ENVIRONMENTAL DATA 

It is quite generally recognized that the result of studying any condi- 
tion in nature, even when the method of study is strictly quantitative, 
should not consist wholly in presenting the accumulated facts but quite 
as much in placing a logical interpetation on those facts. In the present 
study we are dealing not only with a great variety of natural conditions 
which require quantitative expression but with a variety of growing 
entities whose behavior and reaction to known conditions can not be 
determined by casual observation. For example, the mere fact of find- 
ing a spruce tree growing at the water's edge does not prove that thfe 
tree uses or requires an unusual amount of water, much less that it is 
growing in that particular spot primarily because of the moisture, or 
even indirectly because of the moisture. It would be as logical to say 
that because the aligator spends a good deal of his time in the water, he 
must drink and must require for physiological processes an extraordinary 
amount of water. This may not be true at all; he may be a most abste- 
mious animal. 

The point is that in ecology w^e dare not take the conditions of growth 
as prima facie evidence of the requirements of growth, even though it 
be true that none of the conditions can be alter^ without affecting the 
character of the growth. This is especially true when we are compelled, 
as in the present instance and in most ecological studies so far made, to 
speak of requirements in a relative rather tlian an absolute sense, that 
is, when we are simply trying to compare the requirements of several 
species rather than determine them absolutely for any species. This 
may be illustrated by a point which has appeared very forcefully in the 
present study. Taking tlie superficial appearance of soil conditions as a 
measure of relative requirements, foresters have repeatedly stated that 
the moisture requirements of spruce w’ere greater than those of yellow 
pine. Now, there could be no objection to saying, and probably no 
error in saying, that spruce requires or at least develops best in a fresh, 
moist soil of high water-holding capacity. This would be an absolute 
expression whicfi would simply gain in accuracy as the soil conditions 
were further analyzed. We might infer, and would be likely to do so, 
because of the character of the soil occupied, that spruce must use a 
great deal of water in its development. Such an iiiference would be 
unwarranted, but would be especially dangerous if we should say, com- 
paratively, that spruce uses more water than pine. Here we are tread- 
ing on absolutely unsafe ground. On the face of it there is no 
scientific basis for such a statement, if we use simply the evidence of the 
field conditions observed. And even if this were true of the spruce 
forest in the aggregate, that bespeaks nothing as to the individual. 
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It has been, therefore, in the hope of partially overcoming the inherent 
weakness of a comparative field study that certain observations have 
been made under laboratory conditions, permitting a better knowledge 
of the trees themselves, hence a safer interpretation of the environmental 
conditions which surround them in the field, and, perhaps, a clearer 
conception of how those conditions should be measured in the future to 
express a logical relation between the environment and growth. 

For the most part these special observations have been made upon 
the four important species which are involved in the field study, namely, 
western yellow pine, Douglas fir, lodgepole pine, and Engelmann spruce. 
Two other species, forest “weeds,” have been studied to some extent, 
namely, limber and bristlecone pines {Finns flexilix and P. arisiata), A 
few observations have also been made on the bake States pines and 
other conifers not indigenous to the Rocky Mountains. 

In the interest of brevity, some details of the conditions of these 
experiments may have been omitted which might be considered as 
having important bearings. Anyone wishing to investigate these details 
will be given all possible assistance. 

TRANSPIRATION TESTS IN 1917 

To establish the water requirements of some of the Rocky Mountain 
trees in the same terms as used by Briggs and Shantz (6) for agricultural 
crops, and to determine the relative transpiration rates of the species 
as a basis for gauging their moisture requirements in the field, transpira- 
tion tests were conducted in the greenhouse of the Fremont Experiment 
Station for a period of about six months in 1917. The experiment was 
repeated in 1920. 

It should be recognized at the outset that the greenhouse did not pre- 
sent natural conditions for the growth of any of the species, the air 
temperatures being higher than commonly occur except possibly in the 
lowest zone of the region, and the air movement considerably less than 
the wind which would occur in any situation out of doors. For these 
reasons, though we may speak of the “absolute water requirements” 
of the trees in this particular test, these requirements are not an indication 
of what the water use might be under any other conditions; and it 
would be best, as Briggs and Shantz have done, to assume only that 
we have established relative requirements of the several species for one 
set of conditions. These relations may or may not hold good under 
other conditions. Briggs and Shantz found that relative water require- 
ments of different species did not vary much under different conditions, 
though the absolute requirements of all might be twice as great during 
a dry season as during a moister one. Thom and Holtz (26) found that 
the physical conditions might vary sufficiently to change even the rela- 
tive requirements of different species, but their more important result 
was to show that the absolute water requirement increases with the 
availability of moisture. 

It would appear that the high temperatures and low wind velocities 
occurring during these tests should tend to stimulate assimilation rather 
more than transpiration, so that the absolute water requirements here 
would be less tlian under normal field conditions for any one of the 
species. This, however, may not be true. For this and other reasons 
appearing later it is difficult to compare the absolute requirements with 
those of agricultural crops. 



Apr. X933 


Physiological Requirements of Rocky Mountain T tees 107 


MATKRlAt STUDIED 

As the means were not at hand for treating large trees in the inten- 
sive manner required in such a study, efforts were confined to nursery 
specimens, 5 and 6 years old at the outset. These had all been devel- 
oped in the nursery of the Fremont Station, with practically uniform 
soil conditions and with no artificial watering except as small seedlings, 
so that all should have been in much the same condition at the outset. 

Two specimens each of yellow pine, Douglas fir, lodgepole pine, Engel- 
mann spruce, limber pine, and bristlecone pine were taken for potting, 
while a third specimen of each was taken at the same time for drying, 
in order that the initial dry weight of the specimens to be grown might 
be computed. This drying and all other dryings required in these studies 
were done in hot water bath or controlled hot air oven at a temperature 
of about 92° C. and without vacuo. 

To determine the initial green weights, and also the green weights 
at the close of the test period, each tree was washed to remove adhering 
soil particles, whipped vigorously through the air to remove free water, 
and placed immediately on the scales. After this the potting was accom- 
plished as soon as possible. 

The initial weights varied from 7 to 14 gm. and heights from 3 to 6 
inches, the spruce being, on the whole, best developed for its age. No 
measurements other than weights were taken at the outset. At the 
end of the test period the green weights were taken; each tree was photo- 
graphed to scale, as shown in Plates i to 3 ; measurements were made 
to determine tlie mean needle dimensions of each tree and the ratio of 
surface to volume (the whole volume having been determined by im- 
mersing the top in water to the root collar) ; finally the remains were 
oven dried, and later the dry material was reduced to ash in a porcelain 
dish over a Bunsen flame. 

From the volume displacement and needle dimensions we are enabled 
to compute the area of leaf surface in each case, with a very consider- 
able but general error on account of the stem volume included. This 
will, at least, give some basis for comparison with other experiments in 
which the leaf surface is the basis for calculations of water loss. Because 
of the great inaccuracies involved in the method and the practical impos- 
sibility of applying it to a large tree, and also because it is believed that 
transpiration is so largely controlled by tlie area exposed to insolation 
and the consequent total absorption of radiant energy, we have also 
used another basis for expressing leaf area, which we shall call “leaf 
exposure.'' This is obtained from the tree photographs, which are 
against a background of cross-section paper, by estimating the propor- 
tion of each square inch which is obscured by the foliage. This method, 
if carefully followed, gives reasonably consistent results, except in cases 
like tree No, 8, in which the focus is bad. 

It is seen that the “leaf exposure" could not be more than one-third 
of the whole leaf surface, and owing to a great deal of overlapping of 
needles, as well as elimination of stem, the data in this case compare 
generally on a basis of about i to 6. But with the limber and bristle- 
cone pines, whose foliage is very compact, the ratio is more nearly 
I to 10. 

son. 

For potting, open-topped galvanized cans were used, 4 inches in 
diameter and 10 inches deep. No drainage openings were made in the 
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cans; but, to encourage aeration of the soil, a 2 -inch florist's pot was 
inverted in the bottom of each can, and a glass tube one-eighth inch in 
diameter was so bent and placed that its lower end opened into the pot 
and its upper end just above the rim of the can. This tube served for 
supplying the necessa^ water and was at all times left open for aeration 
of the soil. It is believed that the amount of vaporization through the 
tubes was insignificant, though no control tests were made at the time. 
We are enabled to approximate the loss from this source by the observa- 
tions in 1920. However, in 1917, the soils were never allowed to become 
greatly heated, the potting cans being placed in similar cans having 
diameters of 6 inches, so tliat the sun never shone on the lower portions 
of the pots. 

Before weighing and potting, each tree was trimmed so that the longest 
roots would not be cramped in the can. The longer roots were spread 
around the porous pot in the bottom of the can, and the others were placed 
as the pots were filled, so as to be evenly distributed throughout the soil. 
When the cans were all filled to within a half inch of tlie tops, they were 
sealed with a 2 to i mixture of paraffin and vaseline, which held very well 
throughout the season in spite of occasional melting. 

The soil used was a specially prepared loamy sand of granitic origin, 
containing considerable humus derived mostly from leaves of limber 
pine and Arctostaphylos sp. Both sand and humus were sifted through 
one-eighth-inch screen. The resultant mixture was what would ordi- 
narily be considered a good potting soil. It was thought to be desirable 
to insure an abundance of nutrient material, and there is no reason for 
supposing that this was overdone. 

None of the soil placed in the pots was oven-dried, but a weighed 
amount of air-dried soil was used in each, and during the process of 
potting several samples were taken for the purpose of determining the 
moisture content. The net oven-dried weight for each pot was then 
computed. 

The saturation capacity of the soil used was originally determined to be 
about 40 per cent, and, in accordance with Kiesselbach’s {12) finding 
that transpiration occurs most freely when the soil is about half saturated 
and the theory of Hilgard (ir) that half saturation permits the desired 
aeration, 20 per cent moisture was adopted as the standard at which the 
soil would be kept. Later it was found that with greater compactness 
this saturation might be much less, and after centrifuging, as low as 25.8 
per cent. However, the figure 31.9 probably applies most nearly to the 
condition of the soil in the pots. The corresponding capillarity was 
28.2 per cent, and the moisture equivalent at 100 gravity was 11.05 
cent, using the term in the same sense as it is used by Briggs and Shantz 
(5) for the water-holding capacity under a force of 1000 gravity, 
llie mean wilting coefficient was determined in 1920 to be 3.47 
per cent for Douglas fir and 3.91 per cent for spruce, or an average value 
of 3.69 per cent. On this basis, and assuming that the 20 per cent 
maximum moisture was evenly distributed, we should have as the avail- 
ability — ^~«so.8i6. It is more probable that the moisture within 

reach of the roots, at the bottom of each pot, was 25 per cent or more, 
making the availability at least 0.850. 

Table I shows all of the fundamental data regarding the trees, the 
amounts of soil used, and the gross weight of the pots as they were main- 
tained throughout the season. 
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PROCEDURE 

The trees were taken from the nursery and potted about April 15, 1917. 
From that time until April 26 they were kept in a warm room, without 
sunlight, to encourage root growth and establishment in the soil. On 
April 26 the cans were first brought to standard moisture content, and 
measurements of transpiration losses were begun. From that date to 
June 3 they were kept in the window of a warm room, where they received 
light for only a few hours each day. The pots were frequently but not 
regularly shifted in position. 

On June 3 they were placed on a revolving table in the greenhouse, 
where they remained until the close of the test on November 14, with 
the exception of one day out of doors. This table was handled in several 
ways, the power available for rotating it at the outset being inadequate. 
At first a small motor was used, the motor being cut in each minute for a 
period of a second or more, so as to give the table a fraction of a revolu- 
tion. For several short periods the table was turned by hand, a quarter 
revolution about once each hour, A water motor was finally used, which 
for a time kept the table revolving continuously. This, however, seemed 
to have a theoretically objectionable feature in that the trees were 
constantly passing from light to shadow, in a very unnatural manner. 
The driving belt was therefore arranged so as to move the table a perim- 
etral distance of about 6 inches each minute, or, say, a complete 
revolution in about 25 minutes. 

The pots occupied the periphery of the 4-foot table, various types of 
evaporimeters being placed between them. Within this circle was 
placed an air-and-soil thermograph, the arm of the air register being 
shaded, wliile the soil bulb was blackened and so placed, with its long 
axis horizontal, as to receive as much sunlight as the trees. With the 
assistance of maximum and minimum registering air thermometers and 
a thermometer attached to the blackened bulb of the soil thermograph, 
there were thus recorded both air temperatures and “sun” temperatures. 
In addition, a psychrometer was used during the morning observation 
each day, giving a rough indication of prevailing vapor pressures. 

The most important question of procedure, of course, concerns the 
method of determining water losses. As shown by Table I, each pot had, 
at the outset, a known gross weight when its soil contained 20 per cent of 
moisture. The aim was to keep the moisture to this standard by replac- 
ing losses each day. It was oiy necessary to determine the amount of 
water required to bring the pot up to standard weight in order to record 
the loss for the preceding period. This was accomplished by placing 
the pot on one pan of the scale, the standard weights on the other pan, 
and filling from a titrating burette until a balance was reached. The 
amount drawn from the burette was, therefore, the measure of the loss. 
The measurements of transpiration, it is thus seen, were actually volu- 
metric, even though scales were used. This introduced no error worth 
considering, as Uie temperatures at the observation hours varied scarcely 
at all from about 50® F. 

The burette was graduated to 0.1 cc. The scales were barely sensitive 
to 0.1 gm. under the usual load of 4,000 gm. However, errors from this 
source should be compensating. T^enever the filling was carried too 
far, as not infrequenUy happened, the overload was determined and 
allowed for, and also carried to the record for the next period. 



Apr. 14, 19*3 Physiological Requirements of Rocky M ouniain T rees i ii 


All observations were made in the early morning and before sunlight 
had reached the trees, and when, therefore, the transpiration rate would 
be almost at its minimum. The order of measurements was invariable, 
and the time rarely varied more than 1 5 minutes from the standard. 

Now, in fact, though it has been stated that the plan was to maintain 
standard moisture in each can, it is readily seen that the moisture was 
most of the time below standard. The extent of the ordinary depressions 
was very small. The largest single loss between fillings, 15 7.1 gm., 
would mean a moisture content at She end of the period of 13.9 per cent, 
or a depression of 6. i per cent. The average periodic loss of the heaviest 
water-user was 23.76 grn., and the average depression below standard 
moisture, therefore, only 0.93 per cent. This average depression would 
reduce the availibility of the moisture only from the approximated value 
0.852 to 0.846, 

On the other hand, the distribution of the moisture from top to bottom 
of each pot, as shown by examination at the end of the tests, was not all 
that might be desired. The lowest inch of soil was practically saturated, 
and above this the moisture decreased so that just below the paraffin 
the soil was only freshly moist. In spite of this, rootlets had penetrated 
to all sections of the soil. It seems evident that, except with the most 
extreme depletion noted, there was probably within reach of the longest 
roots at all times practically saturated soil. 

The atmospheric conditions of the greenhouse, as has been stated, were 
not such as would occur naturally in any of the sites where these species 
grow. At times the ventilators were kept closed and the air temperatures 
were allowed to go as high as they would with full sunlight. At other times 
the ventilators were opened and all possible draft was developed; and, 
of course, under these conditions the air of the greenhouse did not become 
so warm. Again, sunlight was excluded on certain days to see what 
effect this would have on transpiration rates. On two or three occasions 
when cloudy weather prevailed, an interval of 2 or 3 days was allowed to 
elapse between measurements, since the losses were very small. On two 
occasions when the writer was not there to make the measurements, the 
intervals were considerably longer, the trees being shaded by canvas for 
the entire period. 

No apparent injury resulted from the high temperatures in the green- 
house, except to tree No. 4, Douglas fir. On June 24, which was a clear 
day of exceptionally low humidity and high evaporation rate, two of the 
newly formed shoots on this tree wilted and did not recover. Neverthe- 
less the tree continued to function properly. The other Douglas fir 
(No. 3) followed No. 4 very closely, but after the first of September 
showed a gradual descrease in its response to transpiration stimuli and 
when unpotted was found to be deficient in new root growth. In the 
normal trees it appeared that many of the root tips had continued growth 
to the end of the season, while in this one growth had evidently ceased 
much earlier. 

Tree No. 10, limber pine, at the end of the season showed very short 
growing tips on the roots, indicating that root development had been 
very sluggish or had started very late. This sluggishness is doubtless 
related to the small weight accretion. 



II2 


Journal of Agricultural Research voi. xxiv, n«. • 


RBSUWS 

The amount of transpiration for each tree during each period of the 
study from April 26 to November 14 has been tabulated, and it is found 
that the tree-to-tree relations hold very closely, from day to day, in spite 
of great variations in the environment^ conditions. It is not rdevant to 
present purposes to present the detailed data. In Table II the trans- 
piration by months is given and the tree performances are summarized. 
In correcting for the loss of water directly from the soil, the amount of 
107 gm. for the season has been arrived at by considering the daily loss 
the same as in 1920. While in 1917 the pots were more fully protected 
from the sun, yet considerably higher air temperatures were attained, so 
that this allowance seems justified and can hardly be enough in error 
appreciably to affect the results. 




Table II. — Summary of transpiration in the test of igiy 
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Transpiration by periods: 

April and May- 

Grams. 

Per cento 

June— 

Grams 

Percent 

July— 

Grams 

Per cent 

August?— 

Grams 

P«cait 

Sq)tember— 

' Grams 

Percent 

Oct<rf)«— 

Grams 

Percent 

November— 

Grams 

Per cent 

Total, April to November 

(grams) ... 

Cwrcction for direct evaporation 

Net loss through leaves 

Transpiration: 

Grams per gram weight accretion— 

Green 

Dry 

Grams per gram mean weight 

Grams per square centimeter leaf sur- 
face. 

Grams per square centimeter leaf ex- 
posure 


306x6 — *3 "2 


« Percentage of the transpiration of all the trees. 
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Water Requirements 

This term, as used by Briggs and Shantz (< 5 ), denotes the units of 
water used by a plant for the production of a unit of dry plant material. 

The first computation in the lower section of Table II gives corre- 
sponding data for the small trees whose transpiration has been meas- 
ured. Averaging the results for each pair of specimens, we find the 
species arranging themselves according to Table III. In this table the 
use per unit of green weight is also given, since the green- weight accre- 
tions were directly measured, whereas the original dry weights were 
obtained indirectly, as explained. 

TablA III. — Water requirements 



Water used per unit of— 

Species. 

Dry-wcijrht 

accretion. 

Green-weight 

accretion. 

Limber pine 

(rm 

1, 947 (678) 
l> 555 (8) 

Gm . 

358 (49) 

Yellow pine 

366 (52, 

Bristlecone pine 

I, 110 (94) 

350 (26 

Lodgepole 

954 (41) 

237 (6 

Douglas fir 

684 (8) 

276 (50 

Lngehnann spruce 

525 (68) 

17O (14) 


« The probable error in tlie average o( two figures is indicated by the quantity in parentheses. 


Considering only the first column of figures, it is seen that the prob- 
able error in the averages is large in two or three cases, and especially 
so with limber pine, so that this species might possibly belong after 
yellow pine in the l;st. In fact, considering that it is the specimen of 
high water requirement (Tree lo, 2,750) which showed at the end of the 
season evidence of lack of vigor, it seems altogether probable that the 
normal or true water requirement of limber pine should be gauged by 
the lower figure. Also, from the fact that No. 10 was at the beginning 
a larger, probably more succulent specimen, we may quite confidently 
place this species on a par with bristlecone pine. 

No other change in the order of arrangement is indicated as probable 
by the variations in the first column. However, examining the second 
column of tlie table, it is seen that the requirement of Douglas fir is 
greater than that of lodgepole. But, again, it is the Douglas fir speci- 
men of higher water use (No. 3, 335) whidi behaved abnormally, its 
activity apparently almost ceasing before the end of the season, so that 
we must incline toward leaving Douglas fir in the position indicated by 
the first column of figures. 

We shall not attempt here to discuss the cause of these variations, 
though that, too, is most interesting and will be at least partially clari- 
fied later. 

It must be recognized that the relative water requirements, or ability 
to make growth with a given volume of water, while having a direct 
bearing on the relations of two or more species which compete with each 
other, may tell very little as to the ability of a tree of a given species 
to withstand the drought or wind exposure of a given site. The water 
requirements no doubt explain in some degree the gradual suppression 
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and crowding out of yellow and limber pines by fir or spruce, the similar 
elimination of lodgepole when spruce seriously competes with it. The 
water requirements may explain certain things which we have habitu- 
ally ascribed to presence of or lack of shade “tolerance.*' But it does 
not necessarily mean that yellow pine, for example, might not resist 
transpiration and survive under rather rigorous conditions where no 
question of relative growth rate was involved. 

Resistance to Transpiration 

To obtain a better idea of relative resistance to transpiration we should 
consider the water losses, under equal conditions, as related to plant mass, 
leaf area, or leaf exposure. In Table IV the data are summarized on 
each of these bases, but the species are arranged in the order indicated 
by the relative transpiration per unit of leaf exposure. 


Table IV . — Water losses per unit of leaf area and plant mass 



Seasonal water loss (grams) 

Species 

Per square centimeter of leaf 



— 

- 


mean Kreed 


Surface 

Exposure 

weight 

Yellow pmc 

4. 98 

34. 5 

( 3 -A 

160 

Lodge ]:x)le 

2. 80 

23. 6 


128 

Bristlecone 

2. 03 

21. 2 

(0 7) 

I19 

Limber pine 

i 1-83 

18. 0 

(2. 8) 

81 

Douglas fir 

1 2. 26 

16. 8 

(0.3) 

130 

Englemann spruce 

j ^-99 

15.8 



( 3 - 0) 

I15 


On the basis of the transpiration per unit of leaf exposure (which is 
believed to be the safest basis we have) or per unit of mass, the order of 
arrangement is essentially the same as in Table III. It is, perhaps, sig- 
nificant that the four important forest trees, yellow pine, lodgepole, 
Douglas fir, and spruce, appear in the same order as in the preceding table, 
while limber pine and bristlecone pine have moved to positions just below 
lodgepole. Taking the data at face value, let us consider for a moment 
what these qualities of limber and bristlecone pine must mean. In the 
first place, it Has been seen that these species, which are admittedly very 
adaptive “weed” trees, use considerable water without making much 
growth. In the second place, we see that relative to their leaf area or 
whole mass they use very little. In other words, they are in some way 
adapted to protect themselves from water loss, but along ^th that adap- 
tation, perhaps as a result of it, they have very meager ability for making 
use of light in photosynthesis. It is readily seen how this may happen. 
If either of these trees, accustomed to growing on bare sites where there 
is no competition, has adapted itself through reduction in the number and 
size of its stomata, moisture loss is reduced and the ingress of carbon 
dioxid is likewise reduced. If, again, as the writer has sometimes noted, 
the needles are closely appressed for the purpose^ of mutual protection, 
then moisture is saved at the expense of the full insolation of each leaf. 
The same might be the result of thickened epidermis or heavy palisade 
tissue. It thus appears that almost any adaptation for the conservation 
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of water must result in inefficiency in photosynthesis, and it might possibly 
be stated as an axiom that a weed is a plant which through protective 
adaptations is facultative for a variety of environmental conditions but 
which for the same reasons is incapable of making a standard rate of 
growth. 

The impression is, then, obtained that yellow pine, lodgepole, Douglas 
fir, and spruce are resistant to transpiration in almost the same degree as 
they are capable of making use of water for their development, and that 
none of them possess any special adaptations for preventing water losses 
which interfere with growth. The cause for the differences between the 
several species should, then, be sought in those internal conditions which 
may determine their photosynthetic capacities and the behaviors of 
their cell contents as solutions, as was done by Salmon and Fleming 
(jp) in the study of the winter hardiness of grains. 

Before turning to that subject, however, which will be considered 
under the heading “Sap density,” the transpiration rates should be fur- 
ther analyzed. 

Periodic Transpiration 

In Table II the transpiration of the trees by months has been shown, 
with the amount for each tree expressed as a percentage of that for all 
the trees. From tliese data it may be observed tliat only a few of the 
trees maintained stable positions with respect to the whole. The greatest 
significance of this is to indicate that, if the growth could have been 
measured for shorter periods, the relative water requirements might not 
have been the same as those for the whole season. 

Comparing the transpiration at the beginning and end of the season 
(April to June against October to November), it is found that the species 
may be arranged in the following order, those which show tlie greatest 
relative increases being placed first: Yellow pine, limber pine, spruce, 
bristlecone, Douglas, fir, and lodgepole. Lodgepole and Douglas fir 
show actual decreases. 

If we should eliminate trees 3 and 10, which were apparently affected 
by some unknown factor, it would scarcely change the relations of the 
species. 

These data at least indicate that the internal conditions which control 
transpiration are variable and probably are affected by tlie building of 
new tissue, accumulation and distribution of carbohydrates, and other 
changes which may occur in a season ’s growth. 

Response of Transpiration to Light and Air Movement 

The variations of each tree during the season, as shown above, almost 
preclude the possibility of determining the responses of the species to 
the different environmental conditions which were produced from day to 
day, since such comparisons, to use the available data, must include 
days during all parts of the season. 

Taking as a standard for each species the days during the season when 
there was no ventilation in the greenhouse and when the total lecorded 
sunlight was in excess of 400 minutes per day, it is found, as shown by 
Table V. 

I. That for days having from almost none to 400 minutes of sunlight, 
with other conditions equal, all the species show about 60 per cent of 
the transpiration for a standard day. 
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2. With bright diffuse light, such as might penetrate the canvas cur> 
tains on a sunny day, the transpiration varies from 2 1 per cent of standard 
for lodgepole to 32 per cent for yellow pine and Douglas fir. 

3. With dull diffuse light, as on cloudy days, the percentages vary 
from 1 7 per cent to 23 per cent of standard. Though lodgepole shows at 
all stages the greatest depression from the lack of sunlight, it is hardly 
safe to say that this is a specific character. 

Tabl® V . — Response of various species lo different conditions of light and air movement 


Species 


Conditions 


Num- 
ber of 
days 


Yellow 

pine. 


Doug- Lodge- 
las fir pole. 


Kugel- I.imber! 
manu pine. 


Bristle- 

cone 

pine 


Average transpiration (cubic centimeters iier 
day, standard), no ventilation, over 400 
minutesf sunshine. 

Proportionate transpiration* 

No ventilation, less than 400 minutes 
simshuie 

No 'C^entilatioTi, bright diffuse light 
No ventilation, dull diffuse light 
Some ventilation, over 600 minutes sun- 
shine, temperature over 75" F.. 

Some ventilation, over ftoo minutes sun- 
shine, temperature under 75” F 
Some ventilation, 400 to 600 minutes sun- 
shine. temiierature over 75“ F 
Some ventilation, 400 to 600 minutes sun- 
shine, temperature under 75 F 
Some ventilation, loss than 400 minutes 
sunshine, temperature over 70* F 
Some ventilation, less than 400 minutea 
sunshine, temperature under 70* F 
Some ventilation, diffuse light 


12 


11 

*9 

7 

4 

a 

7 

IJ 

JO 


8 

5 


6a 

•32 

•23 


I 00 
• 59 


<**3 59 

. 62 
32 
. 20 

I. 08 
X 03 
1 12 

J. 06 
1.05 

.58 

28 


II 86 


19.84 


• S4 
21 
•17 

I 35 

I, 13 
I 40 
1 19 

I 06 

.64 

aS 


. 62 
. a6 
. 22 

.98 

86 


1. 08 


•99 


90 

. 61 
31 


9 62 
62 

•31 

18 

1. 18 

1 II 

I. 41 

94 

I 00 

t>3 

28 


• 59 

• as 
.zS 


z. z8 
X. ze 
X. a* 


•9* 

• 57 
•a* 


a Only tree No. 4 used, account seasonal change in No 3. 

4, With ventilation, the transpiration of all species is increased over 
that without ventilation, other conditions being about the same. The 
amount of ventilation in the greenhouse was not sufficient to produce 
striking changes. The exposure of the trees outdoors for one day did not 
materially increase the transpiration rate, temperatures being considered. 

Finally, since the specific responses are subject to the seasonal changes 
already noted, we may examine the results expressed by the total tran- 
spiration of the 12 trees during each day or longer period. 

An attempt has been made to relate this to the vapor deficit, or 
differential between the atmospheric vapor pressure and the saturation 
pressure conceived to exist within the leaf, as determined by mean tem- 
peratures. For the latter there is available either the air thermograph 
record or the “sun" thermograph (blackened bulb) record. The latter 
seems preferable in theory, but the record is not very trustworthy because 
of very large corrections in the instrument as used during most of the 
season. This, together with the fact that atmospheric vapor pressures 
were determined only in the early part of each period (9 a. m.) and at 
its end (7 a. m.)* m^es the computation of vapor deficits the roughest 
approximation. In addition, it becomes evident that the leaf tempera- 
tures (and saturation pressures) should not be considered as equal to 
the black-bulb temperatures, but more nearly equal to what the wet 
bulb of the psychrometer would show synchronously. As the psychro- 
metric data are not sufficient even to approximate the mean wet-bulb 
ten:q>eratures, the results of “sun temperature" computations alone will 
be shown. Recognizing that transpiration at night, because of the lack 
of sunlight, is in a different category from that during the day and 
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should be given much less weight in the total, the general scale of tempera- 
tures has been raised by computing the daily means as follows: The 12 
hourly temperatures from 7 a. m. to 6 p. m., inclusive, are added to the 
temperatures at 8 p. m., 12 m. and 4 a. m., and the total is divided by 15. 



Fig I —Transpiration in relation to saturation deficits in 19x7. Numbers opposite circles give month 

and day of observation. 

In figure i the results of such computations of vapor deficit for 84 
periods during the season of operations are plotted with the daily tran- 
spiration sums. The basic data will not be tabulated, since it is volumi- 
nous and has no precise value. Instead, the general character of 
penod is indicated by symbols on the diagram. The mean curve which 
may be obtained from the 84 points is only suggestive in showing — 
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1. That for a given saturation deficit a wide variation is possible in the 
amount of transpiration induced. It is believed, however, that this is 
largely the result of insufficient data for computing both saturation 
pressure in the leaf and atmospheric vapor pressure. 

2. Air movement increases transpiration somewhat more tho^i has been 
allowed by the computations, which, in fact, made no allowance for this 
factor except as it might influence the depression of the psychrometer 
wet bulb. 

3. The amount of sunlight is not the cause of much variation in the 
results. If anything, the use of black-bulb temperatures has made a 
little too much allowance for sunlight effects; or, in other words, the 
plants are not quite so strongly affected by light as is the black-bulb 
temperature. 

4. The transpiration rate (average) is quite proportionate to vapor 
deficits until the former approaches a daily amount equal to the total 
weight of the plants, when transpiration, apparently, does not quite 
keep up with saturation deficits. 

5. The transpiration at the end of the season is less than in the earlier 
months, days of like valuations being compared. The size of the plants, 
of course, increased during the season, but tlie increase in leaf area was 
almost wholly during the first month. It seems safe to say that old leaf 
tissues do not permit as much transpiration as young tissues. 

6. The physical control of transpiration and the lack of plant control 
is fairly evident, though by no means proved. 

TRANSPIRATION IN 1 920 

The striking differences between tlie species, indicated by the transpira- 
tion rates in 1917, both on the basis of growth accretion and relative 
leaf areas or leaf exposures, called, first, for a reasonable explanation of 
the temporary circumstances which produced such results, and, secondly, 
for a repetition to determine whether lumilar relations of the species 
might hold with new and different material and whether either the 
absolute or relative water requirements might be different under more 
natural environmental conditions. 

The first need had been definitely pursued in the interim, and the 
second was fulfilled during the summer of 1920. In repeating the trans- 
piration tests, it was especially sought to have as large an assortment of 
plant material as could be adequately dealt with. 

MATERIAL STUDIED 

Twenty- three pots of plants were used, compared with the 12 in 1917. 
Of these one containing a large yellow pine failed early in the season. 
An additional pot without trees served to measure the possible direct 
water loss from the soil. In a number of cavses, two or three specimens 
were handled as one in a single pot, in order to give a better average 
result. (See Plates 4 to 6.) 

The limber and bristlecone pines and a single large spruce specimen 
were from the same lots of stock which were drawn upon in 1917, having 
been in the Fremont Station nursery during the interval. The remaining 
trees were all younger stock grown in the same nursery, and mainly of 
fairly definite origin as to seed. Where possible a variety of seed sources 
was represented in the selections for each species, in orcier to determine 
the possibilities of variation between geographic forms of the same species. 

The data on the trees used are given in Table VI. 



Table VI. — Source, size, growth, and condition of trees in ig20 transpiration test 
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SOJh 

The soil in which the trees were potted was nearly tlie same as that 
used in 1917. There had been added to the original soil a somewhat 
more clayey sand of granitic origin, so that in 1920 we find a greater 
water-holding capacity, a slightly lower moisture equivalent, and a third 
higher wilting coefficient. The data on the 1920 soil are: 

Per ce«t. 


Saturation 36,46 

Capillarity 31.02 

Moisture equivalent. la 42 

Wilting coefficient (average for spruce and yellow pine) 4, 8S 


It was planned to carry about 12 per cent moisture, and to prevent the 
saturation of the lowest stratum of the soil by injecting the daily supply 
of water near the surface. The feed tube, then, instead of opening into 
the inverted clay pot at the bottom of the can, was bent about 2 inches 
below the surface and opened into the soil near the center of the can. 
Aside from this the potting arrangement was the same as in 1917. 

The 12 per cent moisture would constitute, in the average of the 22 
cases, 284.4 gm. of water. At the outset, however, the average pot was 
given 528.8 gm. of water, in order to create a very favorable condition. 
In the average case this supply lasted much longer than had been antici- 
pated and was not brought down to standard until after July i, so that 
during the first two months the moisture conditions were by no means 
uniform. 

Finally, beginning September 3, the water content was gradually 
reduced, until on September 27 it was 70 gm. below the standard, or in 
the average case amounted to 9.05 per cent. This change was designed 
to simulate the usual autumn drying of the soil. 

We thus have the following average conditions in the several pots, 
comparing with a mean availability of about 0.850 through the entire 
season of 1917: 

May II, 528.8 gm. = 22.31 per cent = availability 0.780; decreasing to 
284.4 gm., or 12 per cent, about July i = availability 0.594; reaching 
September 27, 214.4 i 9-05 cent = availability 0.461. 

It is, therefore, seen that in the osmotic sense the conditions for ready 
absorption of tlie water were far less favorable in 1920 than in 1917. 

PROCBDURB 

The procedure in handling the pots was in minor details almost the 
same as in 1917. On the other hand, as has been mentioned, they were 
not under glass but under a canvas cover which was raised during the 
entire day except when showers occurred, permitting unmodified sunlight 
to reach the trees and also allowing much freer air circulation, the 
primary effect of which was, undoubtedly, to prevent the occurrence of 
excessive temperatures. While the extreme sun temperatures recorded 
were not materially lower than in 1917, the air temperatures were scarcely 
above those outside the shelter and w^ere very mu^ lower than in I9I7^ 
when they averaged 6*^ F. higher than the outside air. 

The revolving table on which the pots were exposed was nearly 5 feet 
in diameter and made a revolution every two hours. 
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Amount of Transpiration Compared with 1917 

The first point to be noted in Table VII is that the amount of transpira- 
tion in 1920 was very much less than in 1917. 

On the basis of mean green weight it was 42.4 gm. in 1920, as compared 
with 123.0 in 1917. On the basis of leaf exposure it was 8.81 gm. in 1920, 
as compared with 20.6 in 191 7. For leaf area we have no data in 1920. It 
is evident, however, that, considering the amount of water used in rela- 
tion to size of trees, the transpiration was only one-third to two-fifths 
as great in 1920 as in 1917. This may be accounted for — 

1. 13 y a season of only about 147 days for the average tree in 1920, as 
compared with 203 days in 1917. 

2. By reason of mudi lower air temperatures in 1920. 

3. By reason of considerably less sunshine in 1920, but especially the 
lack in June, when the driest atmosphere usually prevails. The following 
data for whole months give tlie sunshine in recorded minutes : 


J917. X930. 

May 8, 622 9, 598 

June iS» 8 o 7 8»903 

July 12,932 11,310 

August 10,496 11,704 

September 10, 442 1 1 , 695 


Total 58»299 53i2io 


It is also probable that on account of the arrangement of the room the 
trees received a smaller percentage of the total sunshine in 1920. 

4. The water of the soil was less readily obtainable in 1920. 


Table VII. — Actual water losses and transpiration in relation to size and growth in ig20 


Species 


Yellow pme 


Douglas fir 


32 


18 

15 

17 

10 


Transpiration. 



May II to 31 

SI - 5 

53.8 

35-6 

66.2 

83 0 

108.9 

X12 0 

June 

July 

X09. 0 

iia 0 

102. 7 

144-6 

111. 4 

123 9 

134.0 

132-4 

163. 1 

336 4 

aSo 0 

117 6 

i6a. 6 

149 0 

Aujmst 

161. a 

336 8 

338.2 

493 7 

130.3 

180 0 

177 0 

September 


393 8 

73-7 

S09 4 

(7) 

105.9 

130.9 

190.3 

181 8 

October (to day indicated) 

/ (7) 

\ 31-6 

(8) 

80 5 

(8) 

47-8 

(s) 

33.1 

(6) 

39-7 

Total for .season . . 

637.1 

939-0 

1,099 6 

1,598.8 

621.0 

796 8 

793-5 

Correction, direct evaporation 

79-4 

79-6 

79 6 

79.4 

79.6 

77-7 

79.0 

Net transpiration 

SS 7-7 

859.4 

1, 02a 0 

1,519.4 

541-4 

719. 1 

714.5 

Transpiration. 




Grams per gram weight ac- 








cretion— 








Green 

715 

564 

331 

S 93 

! 185 

615 

151 

514 

1 501 

302 


345 

993 

Dry 

S06 

Grams per gram mean green 








weight . . 

Grams t:>er square centi- 
meter leaf exposure . . 

36. i 

41.8 

56.8 

67.3 

19. 1 

31 . 6 

33.1 

6-5 

XO. X 

9.5 

14. 3 

3 8 

5-1 

5.0 
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Tables VII . — Actual water losses and transpiration in relation to size and growth in 

Continued 


Species. 

Lodgepole pine. 


Engelmann spruce. 


Pot No 

Transpiration: 

3 

33 

34 

9 

19 

12 

XI 

May zi to 31 

64 5 

83.7 

94 5 i 

125- 9 

93. S 

99.6 

181.8 

June 

154 8 

346 6 

243.2 

177.3 

*43. 3 

137.9 

327.7 

July 

196 3 

548.3 

607 I 

213 . I 

149-4 

194- 1 

607. 8 

August 

394 0 

726 0 

923 6 

341 3 

240. 5 

272.5 

894.5 

September 


627 s 

1x8. 7 

56. 2 

224.8 

227. 8 

926. 0 

October (to day indicated) 

i (8) 

\ 103. I 

(6) 

106. 8 

(?) 

42-3 

(s) 

39. 8 

(s) 

123 8 

Total for season 

Ii 347-8 

2i338 9 

a, 696. 0 

1,276.4 

893.8 

951 . 7 

306.6 

Correction, direct evaporation 

79 6 

79 0 

79 0 

77-7 

79.4 

77.7 

77.7 

Net transpiration . . 
Transpiration 

Grams per gram weight ac- 
cretion — 

1,368 3 

i 

a. 259. 9 

3,617. 0 

i» 198- 7 

8x4.4 

874 0 

2,983.9 

Green 

148 

304 

*95 

138 

x6a 

*49 

140 

Dry 

Grams per gram mean green 

701 

803 

688 

450 

431 

420 

494 

weight ... 

Grams per square centi- 

52 9 

82 0 

66 9 

74.6 

X03 8 

86 X 

45*3 

meter leaf exposure 1 

11.4 

19 0 

15-4 

II 6 

12. 0 

10.4 

10 z 


Species. 

Limber pine 

Bristleconc 

pine 

Scotch pine. 

Siberian larch. 

All. 

Pot No 

Transpiration 

16 

31 

1 ^ 

4 

1 

*3 

a 

6 

30 

1 

May 11 to 31 

131. a 

79 2 

57 3 

74 3 

81.7 

39 I 

71.9 

69 3 


June . 

151. a 

1 77<2 

105.3 

128. 1 

149 * 

121 6 

158. 1 

152 8 


July 

321,3 

84. X 

138 8 

1*4 5 

183.4 

231 0 

336. 2 

165 6 


August . 

484 4 

113 9 

133 a 

107 5 

194.7 

416 0 

*93.5 

IV,)* 

153 8 

. 

September 

October (to day indi- 


125 3 

(7) 

1^ 4 

87.6 

(3) 

aia. 7 
(6) 

"w 

} 

cated) 

\ 133.5 

31,4 

7 I 

6.7 

38. a 

lOJ I 

} •• 



Total for season .... 

*> 755-0 

510. 0 

539 * 

5*8.7 

859.8 

1,364 5 

1,046 7 

863 8 


Correction direct evaporation 

79 6 

79 4 

76 0 

76.0 

79 0 

79 6 

70 3 

70. 5 


Net transpiration. . , 
Transpiration. 

Grams per gram weight 
accretion — 

1,675.4 ' 

430 6 

463. 1 

442.7 

780. 8 

1, 284. 9 

976.4 

79a 5 

347 , 940 

Green 

170 


230 

168 

420 

* 9 * 

943 

3x1 

198 

Dry 

Grams per gram mean 

773 

4 f 785 

3*7 

434 

409 

464 

333 

257 

532 

green weight 

Grams per square centi- 

34.4 

* 3-5 

15.1 

32 0 

25 6 

52. 6 

94 0 

49 7 

49 4 

meter leaf exposure 

7 0 

3.6 

3. 7 

6.3 

5.0 

XX. 9 

10 0 

6. 0 

8 . 8 z 


On the basis of the growth made, the transpiration is also less in 1920 
than in 1917, though not so strikingly so. For green- weight accretion 
the figures are 198 and 263, and for dry- weight accretion 522 and 880, 
respectively, for 1920 and 1917. In other words, for green- weight accre- 
tion it required 75 per cent as much water in 1920 as in 1917, and for 
dry-weight accretion 59 per cent as much. The difference between these 
two percentages and between the two years may be due largely to the 
fact that very little foliage falling in 1917 was salvaged and accounted 
for, while in 1920 this was carefully done. However, it is believed the 
amount dropped by the trees in 1917 was relatively very small and 
insufficient materially to affect the results. 

It seems fairly evident that the transpiration per unit of growth is a 
more stable quantity than that per unit of leaf exposure or whole mass, 
in spite of the fact fiat the former is very much dependent on the whole 
leaf area functioning. 
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Water Requirements* 

Comparing now the species, as was done for the data of i9i7,weliave 
them in 1920 aligned as in Table VIII. 

TablU VIII.--Compartson of different species as to water requirement 


Species 

Transpira- 
tion per 
unit of dry- 
weight 
accretion 

Probable 
error in 
average 

Limber pine 

Cm. 

2,779 

730 

600 

Cm. 

850 

18 

Lodgepole pine 

Doiigljfiji fir . 

160 

Yellow pine 

S 7 I 

441 

436 

376 

29s 

1 c 

Hngelmann spruce 

6 

Scotch pine 

Bristlecone pine 

23 

49 

3 » 

Siberian larch 



Resistance to Transpiration 

On the basis of leaf exposures we have a very different arrangement 
(Table IX). 


Table IX. — Comparison of species as to resistance to transpiration 


Species 

j Tran.spira- 
1 tion per 
square 
j centimeter 

1 leaf expo- 
1 sure 

1 

Probable 
error in 
average. 

Lodgepole pine i 

Engellmann spruce j 

Yellow pine 1 

Scotch pine ' 

Gm. 

15*27 

ZX. 12 

10. 08 
8.45 

8. 00 

Cm, 
a 49 
. 21 
.66 
2. 91 
I. 69 
X. 44 

Siberian larch ! 

Limber pine . . 

5 * 30 

Bristlecone pine 

I. 10 

Douglas fir 

4-63 

•39 



EXPLANATION OF RESULTS 

On thorough consideration of the meaning of the results which have 
been given above for both 1917 and 1920 tests, we come to the conclusion 
that neither method of comparing the species is very satisfactory when 
the number of individuals involved is insufficient to cover all possible 
variations. In these tests considerable variation in growth rate is to 
be expected as the result of more or less incomplete recovery from trans« 
planting. The small spruces, for example, in 1920 showed no delay in 
starting new growth; the single large spruce came on satisfactorily ^ter 
considerable delay; one large limber pine grew vigorously while the 
smaller one did not extend its terminal or branch buds over one-fourth 
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inch and put on no new foliage. None of the Douglas firs grew vigor- 
ously in 1920 while all of them dropped a good deal of their old foliage. 

The water requirements and the rate of transpiration per unit of mass 
or leaf exposure are closely interrelated, it will be seen, for the following 
obvious reasons : 

1. New shoots undoubtedly transpire more freely than old foliage. 

2. When a plant is not growing it seems to transpire relatively little, 
either because it can not obtain the water or, possibly, because it has 
closed its stomata. 

3. It therefore follows that the amount of transpiration per unit of 
mass or leaf exposure may be very much affected by the amount of 
growth made. 

4. And it is equally apparent that the transpiration per unit of growth 
may be somewhat dependent on the total amount of foliage functioning, 
though it must be conceded that so long as the old foliage transpires, it 
probably is also capable of some photosynthesis, and therefore con- 
tributes to growth. 

The important point is to recognize that an extreme case of poor 
growth may throw the specimen very high in one list and very low in the 
other list (for example. Pot 21 in 1920). It seems, therefore, only 
reasonable to eliminate from both records the individuals which have 
apparently not performed normally in the matter of growth. As £he 
basis for normalcy is so meager, we can not bring ourselves to the elimina- 
tion of any trees except one limber pine in 1917 and another in 1920. 

On the other hand, what is true of individual trees affects the relations 
of the species. Apparently, small spruces are capable of a generally 
larger accretion percentage than similar trees of our other native species. 
As has been pointed out, this would be a very important factor in com- 
petition. Its bearing on absolute water requirements and drought 
resistance is not so plain, and we have had serious misgivings as to the 
desirability of comparing the species, in their moisture relations, on this 
basis. Nevertheless, it is fairly apparent that a high growth percentage 
in itself denotes something of superiority in the relation of the tree to 
its environment. It indicates either that the tree has some peculiar 
ability to make use of the available light or that it is more capable than 
others of supplying the water, or tlie carbon dioxid, in just the right 
amount to make photosynthesis effective. If either of the latter is a 
factor in the result, we may say either that the plant has superior ability 
to obtain water or that it has superior ability to retain it while keeping 
the stomata open for the ingress of carbon dioxid. There is left, there- 
fore, little doubt in our minds that the tree of low “water requirement’* 
as related to growth is in fact the tree which has the superior control over 
its water supply. 

It is, ther^ore, important to compare the species on the basis of the 
growth made, in order to understand the marked differences between the 
absolute transpiration rates in 1917 and 1920, which leave the relations 
of the species so confused. 

On comparing further Tables III and VIII, it is seen that with one or 
two exceptions, namely, yellow pine and bristlecone pine, the water 
requirements as det^mined in 1917 and 1920 are not so divergent that 
we need hesitate to combine them to obtain more effective averages, and 
it seems best to use the value for each tree in obtaining the mean. There 
are also given the mean growth percentages for each species. In figure 2 
the general relation between growth rates and water requirements is 
plainly shown — a relation that seems logically unavoidable. 
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FiO a —General relationsliip between water requirements and growth rates for all species in 1917 and 1990 


Table X . — Waler requirements and growth in igiy and iq20 


Species. 


Limber pine . . , 
Lodgcfjfjile pine . , . . 
Yellow pine 
Bristleconc pine . . 

Douglas fir 

Engel niann spruce. . 

Scotch pine 

Siberian larch 


1917 


1930 


Aver- 

j 





- 

are 

Nura- 

Water 

Growth 

Nutn- 

Watei 

Growlh 

water 

bor of 

rc<iiurc- 

percent- 

her of 

rectuire- 

percent- 

require- 

trees 

ment 

age 

trees 

ment 

age 



Gm- 



Gm 


Gm 

1 

I, 144 

31.0 

I 

773 

7-5 

958 

2 

954 

46. 6 


730 

27 8 

786 

2 

h 555 j 

32.4 

! s 

571 

25-6 

I 768 

2 

I, 1 10 1 

31 3 

2 

376 

14. 7 

i 743 

2 

684 i 

64.9 

3 

600 

II. 0 

634 

2 

525 1 

75-2 1 

9 

441 

66. 4 

456 


1 

i 

2 

436 

24. 6 

436 

1 ! 1 


29s 

*3- 5 1 

295 


* Dry accretion related to dry weight at beginning of season 


Aver- 

age 

growth 
percent- 
age « 


19. 2 
32 - 5 
27. o 

23. o 
32. 6 
68.0 

24. 6 

83.5 


At least two important points are gained by the combination of the 
1920 with the 1917 data. The position of limber pine, as the least 
effective user of water, is more nearly established, and lodgepole pine is 
brought into this class, where our empiric estimates would place it, as 
we shall see later. 

But the main reason for presenting the growth data in Table X is to 
explain the positions of the species as given in Table IX. It is seen that 
^ngelmann spruce maintained in 1920 almost as high a growth rate as 
in 19171 this explains its appearance as a relatively extravagant 
user of water on the leaf-exposure basis. Conversely, limber pine and 
Douglas fir both appear as conservative users of water in 1920, evi- 
dently because they were relatively inactive. 
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In combining, then, the data for the two years oh transpiration per 
unit of leaf exposure, we shall not lose sight of the fact that the posi- 
tions of Douglas fir and limber pine, at least, and to a lesser extent that 
of bristlecone pine, are determined by relative inactivity in 1920, and 
that they really belong higher in the scale than here shown. ITiere are 
possible means of making allowance for this influence of growth activity 
on the total transpiration, but they are so purely arbitrary that we 
hesitate to use them. 


Tabi«Q XI. — Mean resistance to transpiration, igiy and ig20 (growth data repeated to 
explain relative positions) 


Species 

Mean 
transpi- 
ration per 
s()uare 
centi- 
meter leaf 
exposure 

Mean 

growth 

percent- 

ages. 

Lodgepole pine .... 

Yellow pine 

Gm 
17-35 
14. 96 

14 - 15 
13. 10 
11-97 

9 - 50 

32-5 
27. 0 
19. 2 
23..0 
68.0 

Limber pine 

Bristlecone pine 

Lngclmann spruce 

Douglas fir. 

32. 6 


That these relations of the species are not fixed and might easily be 
modified by additional data or consideration of different climatic varieties 
is fairly apparent from the divergence of the individual results On the 
same basis as Table XI, the three lots of yellow pine studied in 1920, 
each of which maintained a healthy condition and performed, relatively, 
much as it had been performing in the nursery, gave the following results: 


Variety 


Harney, S. Dak. 
Bitterroot, Mont, 
Tusayan, Ariz . 


Transpira- 
tion per 
square 
ceutunetcr 
leaf expo- 
sure 

Gtowth 

percentage 

Gm> i 


8.3 

n. 7 

9-5 

19-5 

14.2 

27. 0 


There is every reason to believe these results were normal and express 
something of varietal difference. It is seen that the high growth rate 
of the Arizona form was accomplished with the extravagant use of water. 
Whether this is generally true of the more southern forms our data are 
inadequate to determine. Rather similar differences occur with lodge- 
pole pine, but here the Wyoming form is the most extravagant and rapid 
growing. 
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ABiirry of tb® spbcibs to obtain water 

A very considerable amount of light is thrown on the , meaning of 
Table XI and our other discussions by considering the water require- 
ments of each species in 1920, with the considerably less abundant water 
supply, as a measure of the ability of each to extract water from the soil. 
Thus, in comparing Tables III and VIII it was particularly noted that 
bristlecone and yellow pines, which in 1917 were more generous users of 
water, in 1920 took very low positions in the scale. The relative changes 
are indicated in the following table, where the use in 1920 is expressed 
as a percentage of the use in 1917. Only the better growing limber pines 
are considered. Comparison is made on the basis of Tables III and VIII 
and Tables IV and IX. 


Species 

Relative 
transpira- 
tion m xpao 

1 

Species 

Relative 
transpira' 
tion iti 1920. 

Engelmann spruce 

Lodgepole pine 

Per rent 

77.2 
66 . 2 
57*6 

Limber pine 

Yellow pine 

Bristlecone pine 

Per cent 

4S‘ 5 
33*0 
28.8 

Douglas fir | 



In some degree these observations are corroborated by the data in 
Table XII in which is shown the change in relative transpiration rates 
through a period in which the last pot listed for each species was given 
additional water. For the periods represented by September 28, 29, 
and 30, the water in each pot was at 70 gm. below standard, ancf except 
for the one pot of each species, the same amount was maintained on 
succeeding days. On the morning of September 30 the amounts in the 
special pots were increased 50 gm., and on Octob^ i they were brought 
up to standard. After this, they were not again watered until dried out 
to the original basis. If, then, the availability of the water, which was 
thus increased from about 0.461 to 0.594, as described under the heading 
“soil,” has a bearing on the amount transpired, its effect should in all 
cases be apparent in the transpiration recorded October i and 2. In the 
table is shown what was the prevailing relative amount for the special 
tree, compared with others of the same species for the three days when 
water contents were tlie same. The relative amount on October 2 is 
then showTi as a percentage increase. 

It is to be noted that after October 2 the relative rates of the specially 
watered trees steadily declined, and in some cases went below ^e pre- 
vious rates, until the day indicated by “W,” when the first fresh water 
would take effect. This is plainly due to exhaustion of water close to 
the roots and is a commentary on the importance of transport within 
the soil. 
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From the data in Table XII we see that the limber pine was little 
stimulated, probably because its transpiration is always moderate* 
The spruce was still less affected, apparently because it is always able 
to satisfy its needs. Lodgepole, Douglas fir, and yellow pine were about 
equally helped and seemed greatly invigorated. The relatively high 
transpiration of the fir on October i and 3 can be accounted for oi 3 y 
by an error in weighing. 

To a certain extent, these p^ormances may be accounted for by the 
root habits of the trees. It is popible that the finely divided and 
numerous roots of the spruce give it immediate control over so much 
more soil that it exhausts the available water mudi less quickly than 
those species which usually develop only a few coarse roots. To some 
extent this would also explain the ability of limber pine to obtain its 
water more steadily. On the other hand, either lodgepole or Douglas 
fir ordinarily has much better roots than yellow pine, yet these three 
were about equally stimulated by a heavy Edition to the water supply. 

On the whole, this matter is only suggestive and does not, we believe, 
explain the relative behavior the species. That Engelmann spruce 
possesses a remarkably great ability to supply itself with all the water 
that is needed under the most tr3dng circumstances, and that this 
ability is exceeded, among the species studied, only, possibly, by that 
of Siberian larch, seems proved beyond a shadow of doubt. This is 
plainly shown in the day-to-day records where, if there is a marked 
contrast in the amount of sunlight on two succeeding day^, or in other 
conditions conducive to high transpiration, it is the spruce which is 
invariably able to live up to these conditions most fully. Thus we are 
enabled to say quite confidently that the relatively high rate of tran- 
spiration of spruce on cloudy days, as shovra by Table V, truly expresses 
an ability to make use of all available li^ht and does not si^ify that 
this species is unable to meet the conditions which cause high trans- 
piration from all the species. 


SUMMARY 

It has seemed desirable to go into this matter fully on account of the 
complicating features introduced by the radically different results 
secured in 1917 and 1920, and in carder that we might not deceive our- 
selves as to the true meaning of the results. It has been necessary for 
us to go through with this mialysis in order to reach a conclusion, and 
it is hopeless to expect the reader to reach a conclusion by any other 
process. 

It now becomes fairly apparent that transpration is very much 
dependent on water supply and that the relatively low water use of 
some of the species in 1920, when the water supply was maintained at 
a low level, is not to be considered as a virtue but rather as evidence 
of a lack of ability to supply needs. And, even though in some cases 
growth may not have been seriously impaired by the inability of certain 
species to keep the leaves well stocked with water, yet it is perfectly 
evid^t that the species whidi show this inability in the most marked 
degree would soonest succumb in tinie of real drought or in the usual 
autumnal drought that occurs where there is strong competition. 

There are, apparently, two slightly different problems to be considered 
in compari^ the species. The oiMi ha$ to do with the relative require- 
ments of different tree species erf a unit sire. The other has to do with 
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the amount erf water required during the production of a unit of growth* 
Both relatiems ipe important in ecology. But, except with the weed trees, 
limber and bristlecone pines, we have found no essential difference in 
comparing the species on the two bases. To what extent a low water 
requirement means great drought resistance we shall see later. Appar- 
ently there is not a great deal of difference between the species at the 
minimum water point. There is evidently a great difference in their 
activity or vigor under better conditions, and this, perhaps, is the most 
important point we have brought out. 

The important consideration is that the additional data secured in 
1920 have not materially altered our concq>tion of the physiological 
qualities of the species, which are best indicated relatively by Table III. 
It is true that in 1920 lodgepole pine used relatively more water and made 
less vigorous growth, so ^at now, by either Table X or XI, it appears as 
a more extravagant demander than yellow pine. Likewise En^lmann 
spruce kept up its rate in 1920 more nearly than Douglas fir and hence 
appears more extravagant. These facts, however, merely confirm the 
belief that the species which imder favoraible moisture cem^tions is most 
conservative is best able under aU conditions to satisfy its needs. The 
reason for this will be more apparent after considering sap density and its 
osmotic bearings. 

To summarize, briefly, for the species, what it is believed is shown by 
the preceding data and discussions: 

1. Limber pine: Very slow growing, but also very conservative in the 
use of water. Represents highest development in structural protection 
against atmospheric conditions, but probably poor development in rela- 
tion to the soil. Not adapted for competition. 

2. Bristlecone pine; Not quite so far developed as limber pine in any 
reject mentioned. 

3. Yellow pine: Relatively slow grower and has little protection 
against losses; consequently from either standpoint its water use is very 
high. Shows little ability to cope with drought conditions. Arizona 
form more vigorous and equally extravagant of water. 

4. Lodgepole pine: More rapid grower than yellow pine. 

5. Douglas fir: Apparently adapted to conserve water but growth 
rate not nearly equal to spruce, possibly being in these tests more 
adversely affected by transplanti^ because of the relatively long roots, 
which are characteristic, and their small numbers. 

6. Engeimann spruce: Most highly developed of our native species 
to make use <rf all conditions of environment in vigorous growth. Is 
conservative of water and low in water requirements for gro>^. These 
^aracteristics may partly explain its shade tolerance and its success in 
competition. 

7. Iberian larch: Although little studied, seems to be developed even 
b^ond spruce in all partic^ars. 

S* Scotdiptne: Stmds about midway between our pines in tran- 
sjpiraricm rate and lower than any of them when growth is considwd. 
Seems to be devde^d along lines of spruce and fir for alpine conditions. 
It should be remembered we are yaking only of the Riga form. 

SAF ixmmxtir arb tm vAuxAnm jr rsuNSPZHAXioK katrs 
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dried lodgepole cones, in a caloriinetnc kiln, had dearly demotistmted 
that the atnonnt of heat required to extract a of water from cones 
was not 536 calories but an amount always in excess of that, which 
increased rapidly as the amount of sap in ihe cones decreased tfarp^h 
prelhninary dr3dng. This apparent increase in the latent heat of vaporize* 
tion, it was thought after a study ctf the physical chemistry of solutions, 
might he related to the phenomena of rising boiling points and decreased 
vapor pressure with increases in the concentration. Unfortunately, no 
direct experimental work on this problem had been done, $0 far as 1 
have been able to learn to date, and a number of physicists consulted 
agreed that in their interpretation of the theory of solutions a solute 
could not increase the latent heat of vaporization of the solvent. 

The writer, in the most dej^ndable tests it has been possible to make, 
has found that at the respective boiling points of various concentrations 
of common salt in water, the latent heat of vaporization decreased 
slightly with increased concentration, up to the point of saturation. 
Making allowance for the higher boiling point of the concentrated 
solution, it would appear that for a given temperature the latent heat of 
vaporization was practically a constant. In these tests an electric 
immersion heater was employed for the heat supply, the wattage being 
precisely measured ; the evaporation was directly measured by weighing 
the solution; and allowance was made for direct radiation from the solu- 
tion and vessel. 

The greatest objection to these tests, or to any that we have so far been 
able to devise, lies in the difficulty of maintaining a constant temperature 
with a constant and measurable heat supply, at a relatively low tempera- 
ture such as plant tissues may experience, and also at a relatively low tem- 
perature such that the radiation factor is not a great possible source of 
error. Until these difficulties are overcome we can hardly say that the 
problem of the latent heat of vaporization as it relates to plant evapora- 
tion has been satisfactorily treated. 

On the other hand, it is a fairly simple matter, at either high or low 
temperatures, to determine that the rate of evaporation is very materially 
reduced with increase in concentration when the source of heat is outsick 
the solution. This would make it appear that there may be a problem in 
conductivity quite as important as, if not more important than, that 
relating to latent heats. The resistance to drying, ^own by rather 
concentrated solutions such as sirup, is quite well known. As an illustra- 
tion of what we mean by heating from the outside, let us take the case 
of two identical evaporating di^es placed over a steam bath. The steam 
is constantly in contact with the bottoms of the dishes. It may not. 
however, give up its heat unless the surface of the dish is being codbd 
by radiation above or evaporation of the liquid in the dish. Su<ffi an 
exposure can not possibly give any indication of the quantity oi heat 
utilized in evaporating from the dish. 

Under such circumstances as these the Writer lottUd the evaporaUon 
from a saturated salt solution to be less than one-twentieth as rapid as 
that from pure water. 

ffimilaiiy, exporing a number of test tubes mainly to the heat of the 
air in contact with them, the rates of evaporation were found to be 
Impressed by somewhat dilute saline and sugai* solutions: 

Vessels om bottles m which the contents have be^ l^ted primarily 
by lliie raj^ of the sim have not shown any ooisninent depim«^ of Im 
evaporation rates due to sohitesu 
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Tlie avaOable facts, then, which have a bearing on the possible influence 
of sap concentration on the rates of evaporation from similar bodies are: 

1. At any given temperature the vapor pr^ure over a solution de- 
oeases as &e concentration increases, indicating that the solution does 
possess a stronger hold on the molecules than does the pure solvent and 
that therefore the solute may at least decrease the rate of evaporation. 
There is nothing in the quantities involved, however, to indicate that 
this might be an important factor within the limits of cell-sap concen- 
trations, 

2. Calorimetric tests on the heat required for dr3dng cones indicate 
an increase in the latent heat of vaporization as the concentration of solu- 
tions in the cone cells increases. Even admitting that the large number 
of tests puts the facts practically beyond question, there may be here a 
case of adsorbed water rather than a case of solutions, and with the 
molecular affinities and possible latent heats of the former we are not, 
juSt at present, concerned. 

3. Carefully conducted tests on free saline solutions indicate that the 
latent heat of vaporization is not appreciably affected by concentration 
or at least not more so than might be deduced from paragraph 1. 

4. Observations on the heating and evaporation of solutions by low- 
temperature, exterior sources indicate an inability, increasing with con- 
centration, to absorb and transmit such heat in a manner conducive* to 
evaporation. We shall not attempt to go into the theory of this. The 
important fact is that the heat of the air, and sunlight so far as it is 
absorbed by the exterior walls of the leaf or the interior cell walls, may 
be relatively ineffective in producing evaporation from a concentrated 
as compared with a dilute solution, while, apparently, such rays as were 
directly absorbed within the solution would be about equally effective 
in all cases. It goes almost without saying that, if such absorbed heat 
does not produce evaporation, it must increase the temperature of the 
leaf until a point is reached where absorption and radiation balance. 

In view of these facts, when, at the close of the transpiration tests, it 
was discovered that the several species showed such unaccountable and 
surprising differences in transpiration rate, with respect to growth or 
mass or leaf area, the first thought was that they must exhibit differ- 
ences which could be expressed in the qualities of the solutions from 
which the evaporation of water takes place.® This thought was too 
hastily transformed into action by igniting the specimens which had 
served for the transpiration tests, in the expectation that the ash weights 
would be an index to the solutes in the plants and the densities of their 
cell solutions. This supposition was, of course, erroneous in taking no 
account of the soluble carbohydrates as well as some of the mineral 
oxids whidi would be lost in ignition and which comprise the greater 
mass of the solutes. As indicated in Table I, the ash percentages are 
irregularly variable and are found to bear no relation to transpiration 
rates. 

Having destroyed the best source of information on the physical quali- 
ties of the original specimens, the next step was to obtain specimens as 
nearly as possible like those used in the transpiration tests. This whs 
done by securing trees of the same classes as those taken from the nursety 
in the sfuteg of 191? which had spent the growing season in the nursery. 

. ' tit’he wrUw to th* v«fy liolpittl of the a^cle by Barriu^cm Mooie 

(Ml iww in pm ot wtch * tteie «• to aid very imteriany in eolvmg the current 

nriblisi; snd probtem. 
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The spedin^ were collected on December 3, 1917, befoie the giotmd 
was frozen, and wl^ there had as yet been^tio dt^n^ whids. Sroiin 
three to eight trees of each ^>edes were taken so as to secinre a con* 
siderable mass of material. The tops were cut off at the root collar and 
those parts only were used. 

pRocsDtjRa IN naTaauiNiNo sap density 

The necessary data for determining the momentary density of the 
sap in a plant appeared to be— 

(1) The weight of the green material, determined as quickly as possible 
after the material was collected. 

(2) The weight of the soluble matter leached out with an abundance of 
water and evaporated. 

(3) The weight of the insoluble pulp, oven-dried. 

By adding together (2) and (3) and deducting from (i), the original 
amount of water (and other solvents) in the plant is obtar^, and this, 
when divided into (2), gives, the sap density, usually expressed as a 
percentage. 

In these original tests the plant material for each species was ground to 
a pulp, and these pulps were allowed to stand in cold water of about 
10 times the pulp volume, 3 waters being used for each. Finally the 
pulp was all accumulated on a filter and dried with the filter paper. The 
aqueous solutions were evaporated at temperatures not exceeding that 
of boiling water. In all cases the so-called “sugars'* thus secured, after 
becoming dry, were not wholly resoluble, indicating that colloidal matter 
had been included and had passed through the filters. This matter was 
a small proportion of the total solids, however, and may be assumed to 
have equally affected all samples. 

RESUttS 

The sap density percentages obtained for the nursery seedlings, in the 
first tests made, were as shown in Table XIII, in which the water re- 
quirements are again given. Figure 3 shows that the sap densities and 
water requirements plot a empire which is remarkably perfect, considering 
the dhanges that have been noted in relative transpiration rates during 
the season, and the somewhat questionable value of the water require- 
ment for limber pine, which must be based on the performance of only 
one specimen. 


TABtE XIII . — Sap d€nsiii$s and water requirements in tgtf 


l^imberpine 

Vellow pine 

Msdeecme pine . . 
l^o<%epole pine. . . . 

Boaglasfir 

Itnfcelmwin apmee. 


Spedes. 


oiDec. 

oely). 


ettMaeiiti 
dtr Wfitt 
tnwtpiM* 
tiott tests. 


Percent, 

esiu 

•7.9 

99.5 


€m. 

hH4 

*»$55 

X, w 

. ■»$ 
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At first tkottg^t it does not appear probable that the density of the 
spruee sap, which is only one-half greater than that of yellow pine, is 
sufficient to reduce the relative water loss of spruce to one-third or one- 
fourth of that of the pine. It is not necessary to assume that the small 
water loss of spruce, as related to its photos3mthetic activity and amount 
of growth, is entirdy the direct result of the physical properties of the 
dense sap of this species. To determine how the result may be brought 
about, all the following factors must be given consideration : 

1 . Higher sap density means less evaporation per unit of available heat. 

2. Higher sap density means higher leaf temperatures before evapora- 
tion can take place at a given rate, with the possibility that in sunlight the 
leaf may become warmer than the air and therefore lose heat by radiation 
and conduction. 
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9 iq. 3.--Wateri«(|uii!«iieii^ 19x7 tnuiipiratloatatts compared with sap densiUes on nursery apecinteiia, 
IHottoxber 3, 19x7 (■<did line) and sap demitiee in natural habitota. December 30. 19x7 (broken line). 

3, Higha: sap density, by permitting higher leaf temperatures, should 
fa^tate the photosynthetic process, &us relatively reducing the water 
requirement. 

4« It must be equally true that greater photosynthetic activity or 
capacity will tend toward higher sap density as well as increased growth. 

When, therefore, the question is asked, the high sap density of 
spruce a direct cause cA its low transpiration rate, or is the forma* merely 
a conemnitant of greater |fiiotosynthetic activity, and is this last the 
realty impentmt physiological characteristic? we are compelled to teply 
the three Ihmgs are so interd^iendent that all are equ^y causes and 
effectau It is left alnmst beyond questkm, however, that of the species 
we have considered the spruce represents the highest development and 
that this devdopment is eapres^ hi the highest growth rate (first 
Cfdmniw of Tah^ in the greatest current accumulation of sohible carbo- 

hydrates at the tone of the December examisiatimi and in the most 
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effective use of water throughout the sei^oii. the other handi when we 

consider the low sap density of limber pine and its low water requirement 
in relation to either mass or leaf area» we obtain a suggestion diat tran- 
spiration may be controlled by mechanical means rather than through the 
physical properties of the sap and that such ccmtrol indicates a low state 
of development because it inevitably means the sacrifice of the absolute 
growth rate. Yellow and lodgepole pines, with relatively low sap d^isi- 
ties, appear not to exert the mechanical control over transpiration and 
are, as a result, perhaps more fastidious as to growing conditions than 
limber and bristlecone pines. 

While it seems important to have demonstrated that among the species 
of approximately ^ual development from the forester’s standpoint, 
growth, photosynthetic activity, sap density, and the relative extrav- 
agance in water use are thus interrelated through simple physical 
control, yet the really important question is whether high or low sap 
density exerts a control over the more absolute water loss. In considering 
this it seems unquestionably best to use the leaf-exposure basis, since 
the maximum area exposed to the sun must determine very largely the 
total amount of energy which might be available for the evaporating 
process. Without repeating the data which are given in Tables II and 
XIII (omitting the slow-growing specimen of limber pine) , the relation- 
ship is shown in figure 4. It is to be noted that the transpiration rate of 
yellow pine on this basis is relatively high, while bristlecone and limber 
pines are relatively low. In 1920, these relations are completely reversed. 
The facts leave little doubt that high sap density does materially sup- 
press transpiration. 

RBSiTLTS IN igao 

In view of the apparent relation between transpiration rate and internal 
condition of the tree, it is important to see whether the physical characters 
which we might ascrjbe to the several species are in any degree constant. 
Let us first consider the transpiration material of 1920. 

To obtain better data on the sap density of the trees whose transpira- 
tion was observed during 1920, sample trees corresponding to those potted 
were treated at the beginning of the season, and the transpiration trees 
were themselves treated at the close of the primary test. 

With the freshly dug trees at the beginning of 1920 it was possible to 
grind and treat the whole plants in very much the same way as the tops 
were treated in December, 1917. Owing to the large number of lots 
involved, however, four sets of sample trees were merely dried, and it is 
necessary to deduce their approximate sap densities from other results 
for the same species. 

In the fall examination it was considered of first importance to deter- 
mine the dry weight of the trees, as a measure of growth, without the 
risk of losing any material or whole results through accidents. The trees 
were, therefore, first oven-dried. It was several memths before oppor- 
tunity present^ itself to bring out this dried material, grind it in a 
mortar, make the extractions of sugars, and again dir the leached pulp. 
In this case no attempt was made to evapemte and weigh the sugam 
This method is probably open to the criticism that a longer period is 
required to secure the same degree of leadnng of salutes that may be 
expected with green material, and also that the dr3dng of the material 
probably coagulates and holds some coModial matter that would, Mtn 
greadi material, pass off with the solutes. This may account in pint for 
iberelativdly low mp densities found at the end of 192a 





FiO. 4.— Relation between sap densities utd traaspiFatson rates on basis of leaf exposures. 
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The results of the two determinatious are shown in Table XIV. 

Table XIV . — Sap density of trees in ig20 transpiration tests {whole plants) 


Species. 

Pot 

No. 

Source. 

Sap density at— 

Seasonal 

change. 

Begioning 
of season 

End of 
season 




Per cent. 

Per cent 


Yellow pine 

22 

Harney 

13- ^5 

16. 18 



I 

.do 

? 13- 

IS. 59 



i8 

Bitterroot 

* 13- so 

13. 01 



^5 

Tusayan 

12. 71 

9.30 


Average 



13- 13 

I3- 52 

-fo. 39 

Douglas fir 

17 

Hayden 

15. 24 

IS- 63 



10 

Leadville 

14. 78 

13.25 



7 

Pike 

IS- so 

13- 71 


Average 




IS* 17 

14. 20 

-.97 

Lodgcpole pine . 

3 

Colorado .... 

14. 72 

10. 60 



23 

Washakie 

b 14. 65 

8. 80 



24 

Gunnison 

14. 49 

10. 38 


Average 



14. 55 

9.93 

— 4. 62 

Engelmann spruce 

9 

San Isabel 

13. 70 

Lost. 



19 

Montezuma .... 

® 13 - 65 

12. 84 



12 

San Isabel 

9*91 

12. 93 



11 

Unknown... 

13 50 

12. 32 


Average 



12. 69 

12, 70 

+. 01 

Limber pine 

16 

Unknown 

16. os 

13.02 



! 21 

do 

a 16. 05 

® 15. 36 

-I. 86 

Bristlecone pine . , 

8 

do 

15- 75 

16. 29 



4 

do 

® 15- 75 

15.68 

4-. 33 

Scotch pine . . 

2 1 

Russia . . . 

10. 43 

10. 80 



^3 ! 

... .do 

a 10. 43 

12. 65 

4-1. 29 

Siberian larch 

0 

do 

8. 54 

13. 75 



30 j 

do 

08 54 

<*15-05 

4-5. 86 


O' One test only for this class of material 

Sugar not extracted. Sap density estimated from green-dry ratio, 

« The specimen of high sap density is the one that made practically no growth 

^ These sap densities determined after foliage was nearly all air-dry. Making allowance for this the sap 
densities should be about 2 per cent less. 

In considering Table XIV it should be borne in mind that at the time 
of potting the trees for transpiration study some of the species had made 
very appreciable growth while others had probably felt the stimulus of 
spring very little. It is perfectly apparent from other data secured ttat 
the initiation of growth in the spring means a flooding of the plant with 
water. Thus the relatively low sap densities of spruce and Siberian larch 
are expressive of their response to relatively low temperatures, while that 
of yellow pine is more indicative of a low condition throughout the 
winter. 

In view of the fact that the stage of the seasonal advance had affected 
the several species differently, it is questionable whether the spring data, 
or the changes throughout the season, have any great value in our 
present comparisons. 
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On the other hand, if the sap densities in the fall may be taken as 
indicative of conditions existing during most of the season, certain strik- 
ing facts are in evidence. It has been mentioned that the abundant 
moisture supplied the trees in the spring, and the relatively dry condition 
later on, may have induced the production of a great deal of new tissue 
which the trees were not, later on, able to supply with adequate building 
material. This would seem most markedly the case with all the lodge- 
poles and with the Tusayan yellow pine whose growth was so vigorous. 
It is believed, therefore, that the evidence is fairly convincing that in 
1920 either the moisture was not sufiiciently available to permit effective 
photos5mthesis in some of the species or that the sunlight and tempera- 
tures were below par in effectiveness. Possibly it is a combination of 
these things which left sap densities very low at the end of the season. 
Still, in comparing the absolute values with those of 1917, it should be 
remembered the earlier values refer only to the tree tops. 

These sap densities are found to bear a broad relationship to the water 
requirements of the several species, though this is not so well defined as 
in 1917, probably because of the seasonal changes in water supply and 
the less favorable light conditions. Comparing the mean post-season 
sap densities with the transpiration per unit of leaf exposure, however, 
and again omitting the questionable limber pine, we have the data in 
Table XV, which have already been illustrated in figure 4. 

Table XV. — Transpiration and sap densities in IQ20 


Species 

Transpiration 
per square 
centimeter 
leaf exposure 

Mean post-- 
season sap 
density 

Lodgepole pine 

Hneelmann spruce 

Cm, 

15-27 

II. 12 

10. 08 
8.45 
8. 00 
7. 00 
S-oo 
4-63 

Per cent. 

9 - 93 
12. 70 
9-30 
II. 72 

14.40 
14. 19 
15-78 

14. 20 

Yellow pine 

Scotch pine 

Siberian larch 

Limber pine 

Bristlecone pine 

Douglas fir 


It is again evident in the 1920 results that the effectiveness of sunlight 
in producing evaporation from leaves must be very considerably affected 
by the density of the sap involved. If we were to balance the variations 
in one season against those in the other, it is readily seen that the rela- 
tionship would be almost perfect. To what extent these variations may 
due to error in determining either sap density or leaf exposure must 
remain a question until a great deal more material has been examined. 
It does seem certain, however, that the relative positions of the species, 
in regard to either sap density or transpiration rate, are by no means 
constant. The best that can be done at present is to accept average 
values for each species, as has been already done in considering the 
transpiration independently. The explanations, already made, of 
variations in growth in the two seasons should be considered in con- 
nection with the variations in sap density. 
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STABIUTY OF SAP DBNSlTlSS 

It has already been indicated that the sap density of a given species 
is by no means constant. In order that progress may be made in the 
use of the sap density measure, or the osmotic pressure determination, 
as an indicator of the relations between plant and environment, it is 
extremely important to realize (i) that the tree may pass annually 
through a definite cycle of changes and (2) that the current sap density 
may be quite largely influenced by current atmospheric conditions as 
well as water supply. If the tree were always able to supply as much 
water as was demanded by the losses at its leaves, then only a cyclic 
change would be apparent, dependent on cell division and photo- 
synthesis, or primarily on temperature and light conditions. It might 
be said, therefore, that the species which shows the least fluctuation 
with current atmospheric conditions is the one best able to supply any 
demand for water, and it would seem that this species would best endure 
a long drought in the soil. 

As to the cyclic change in sap density, it would seem that the following 
describe the general conditions of the seasons which bring it about: 

1. In the spring wc have rising temperatures and increasing duration 
and intensity of sunlight, which alone would increase the osmotic pressure 
in favor of the plant as against the soil. Coupled with this there is 
usually an abundant supply of moisture in the soil immediately after 
its thawing, often augmented by the melting of large masses of snow 
and by heavy rains. These conditions cause a heavy inrush of water 
and, because the atmospheric demands are at this season very moder- 
ate, an extreme turgescence of the tissues already formed becomes not 
only possible but unavoidable. It is believed this turgescence is the 
foundation for cell expansion and division, from which the new tissues 
arise. 

2. With the advance of spring and advent of summer the moisture 
supply of the soil is usually much reduced, but even if this were not the 
case the formation of new tissues might be checked because of the very 
great increase in transpiration, due both to greater atmospheric demands 
and water losses from the new succulent tissues already formed. In 
the conifers, outward evidences of growth usually disappear abruptly 
early in the summer. The period of warmest weather, then, is not one 
for the formation of new tissues, but for the creation of the materials 
with which those already formed may be built up and solidified. Fruit- 
ing, of course, also demands some of these materials. The sap density 
should, therefore, increase from the moment that cell division becomes 
negligible. 

3. The autumn season in temperate climates is almost universally the 
least favorable as regards current precipitation, and at this season the 
soil water is most likely to have been completely exhausted. For this 
reason the amount that can be supplied is often inadequate for all the 
transpiring members, and we witness the drying and falling of all decidu- 
ous leaves and of the oldest ones on the evergreens. Unless the water 
supply in the leaves becomes so low as to prevent the chemical processes, 
photosynthesis in the evergreens is not checked, and sap densities may be 
expected to reach their highest points, partly l^cause the actual amount 
of water present is less than at any other season. 

4. While under some circumstances the winter season may be one of 
almost complete dormancy, with photostynthesis stopped by low temper- 
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atures and little light and the movement of water stopped by freezing 
of the soil, such a condition does not describe the winters of the region 
in which we are particularly interested in this study. Here the winter 
days are often warm and bright enough to permit possibly some photo- 
synthesis in the evergreens and certainly very considerable transpiration. 
Such days may be followed by severe cold of sufficient duration to freeze 
the tree and the soil to a depth of i or 2 feet. These cold waves are not 
uncommonly followed by warm mnds which immediately thaw the foli- 
age and may make great demands on its moisture before the tree stems 
and the soil thaw out enough to provide a new supply. Thus, in extreme 
cases ^eat injury may be done, and in the usual weather cycles the tree 
is subjected to very marked changes in water supply and in the sap 
density of its foliage. At this season the sap density, it will be readily 
seen, may depend very greatly on the exposure of the tree, since the 
primary factor in drying is wind. A tree growing in a dense stand with 
a northern exposure passes through much more moderate changes than 
one in an open stand where both sunshine and wind may have full effect. 

Sap Density in Period of Vernation 

We have already pointed out, in connection with Table XIV, the pos- 
sible bearing of different responses to temperature on the comparative 
sap densities in the spring of 1920. In Table XV are given additional 
data which, with the explanatory notes, make a very clear case. It is 
not surprising to find that a control test made with nursery material 
collected June r, 1918, when growth of most species had begun, shows 
complete disarrangement of the December, 1917, values. 

The material was collected as before, complete aerial portions being 
taken. These were placed immediately in stoppered bottles and were 
exposed each to the others’ vapor until June 18, in order that from the 
losses or absorptions some idea as to relative osmotic pressures might 
be gained. The exposure was not long enough to give more than an 
indication. After this period the material was dried in the bottles, 
then leached and redried. Spruce specimens were inadvertently omitted 
from this collection. 

Table XVI . — Sap densities of nursery specimens at beginning of growing season, jgi8 

{tops only) 


Species. 

Age 

Num- 
ber of 
tests. 

Average sap 
density 

Relative 
osmotic 
pressure in- 
iicated by 
vapor 
transfers. 


Years 


Per cent. 

Per cent. 

Limber pine 

7 

2 

is-S4±i- 37 

a 978 

Yellow pine 

2-6 

2 

15. lodbo. 55 

• 998 

Biistlecone pine « 

7 

I 

20.37 

. 980 

Lodgepole pine 

4 

2 

12. 22 ±0. 53 

•979 

Douglas fir 

6 

2 

16. 91 ±0. 41 

.969 

Siberian larch & 

4 


10. 61 ±0. 98 

.972 

Western white pine « 

3 

■1 

20.33 

I. 014 

Scotch pine 

3 


13.48 

.984 

A^en (new leaves) 

0 

m 

14. x8 

I. 0x2 
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The data indicate that the be^nning of new growth had permitted the 
essential equalizing of sap densities, except with bristlecone pine and 
western white pine. It is difficult to see why the density for bristlecone 
pine should have remained high without giving it, apparently, a high 
osmotic pressure. The very thin sap of Siberian larch is accounted for 
by the advancement of its growth, which always begins earlier than 
that of any of the native species. 

Tabl^ XVII . — Sap density of trees in natural habitats after drying weather, December ^ 

30, 31, igi8 


Spedes. 


Limber pine 


Yellow pine . 


Lodgepole pine 


Douglas fir. 


Bngelmann spruce. 


Site where collected. 

Sftp density. 


Per cent. 

2 southwest slope 

28. 67 

6 northwest slope 

29. 86 

6 northwest slope 

26. 42 

la ridge 

27. 08 

9 north slope 

28.39 

' All 

28. 08 ±0. 45 

2 southwest slope 

025. 64 

2 southwest slope 

029 52 

6 northwest slope 

27. 46 

4 east slope 

25* 30 

12 ridge 

25. 84 

All 

75 ±o. 59 

I south slope 

27. 24 

8 ridge 

27.61 

All 

27, 42 ±0. 16 

2 southwest slope 

27- 35 

4 east slope 

26. 40 

12 ridge 

28. 10 

9 north slope 

24,44 

All 

26. 57 ±0. 56 

3 northeast slope 

24. 38 

5 bottom 

22. 78 

5 bottom 

22. z6 

All 

23. iiio. 51 


a On th« moraiiiK of Feb. 19x8. cotresponduig spodmais sho^red 91.05 per cent and as.xa per cent, 
respectively, for these two trees. The spedmen of lower sap density in each case was from a young, vigor* 
ous tree; that of higher density from a low limb erf an old tree badly infested with mistletoe. 

On the whole, while the determinations of osmotic pressure are not 
complete, it is indicated that they were essentially the same when the sap 
densities were nearly the same. We may, therefore, feel safe in assuming 
that for other conditions relative osmotic pressures will be about pro- 
portionate to sap densities, which might not be the case if the solutes of 
different species were materially different in composition and molecular 
weights. A boiling-point test made with accumulated solutes from all 
the species shows that an osmotic pressure of about 19 atmospheres may 
be expected when the sap density is 20 per cent. FVeezing-point deter- 
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minations have also shown that with all of our conifers a sap density of 
I per cent is approximately equivalent to i atmosphere of osmotic pres- 
sure, this relation holding at least up to 20 per cent. Such tests have not, 
as yet, been sufficient to bring out any consistent differences in the saps 
of different species. 

Winter Sap Densities in Natural Habitats 

Attention may now be turned to determinations of the sap density of 
trees growing in their natural habitats, as made at the end of December, 
1917. The foliage specimens were collected on the afternoons of 
December 30 and 31, both days being warm and the soil not yet frozen 
in any instance at a depth of a foot. The preceding week had been warm 
and dry, with a high evaporation rate for that season. Hence it may be 
expected that the results will show the influences of different exposures. 

All material was from limbs at a height of about 4^ feet above the 
ground. 

In this, as in all the following cases where only foliage is sampled, the 
outer half or two- thirds of the needles was clipped off with shears in 
sections about one-half inch long. This material was leached before 
drying and was otherwise treated as the ground pulps had been. 

When these results are compared with those obtained from nursery 
stock on December 3 (fig. 3), it is seen that a very great but regular 
difference in the value exists. The average sap density of limber pine 
has increased 8 per cent, of yellow pine 5 per cent, of lodgepole 4 per 
cent; that of Douglas fir has decreased i per cent and that of spruce 6 
per cent. These changes form almost a straight line when plotted with 
the original sap densities as abscissae. 

This shows that sap densities in a given species are subject to great 
variations, but it does not mean that they have no significance. The 
differences between these field specimens and the nursery trees growing 
under uniform conditions reflect the fact that the pines had latdy been 
subjected to the strongest drying influences, while the fir in part, and 
spruce wholly, had recently been protected from any severe drying. 
Also, owing to the protection afforded the latter species at all times, they 
had probably never had the benefit of full light and, therefore, may not 
have accumulated as large a supply of carbohydrates as the pines growing 
in the open. 

To assume from this that spruce or fir is not subjected in the field to 
drying stresses equal to those experienced by the pines, or that the 
former would not tolerate great stresses as well as the latter, is altogether 
erroneous. These tests were made before the soil was frozen and before 
the winter exposure had had opportunity to bring about any degree of 
equilibrium between different sites. It is greatly to be regretted that 
this series of specimens could not have been duplicated late in the winter. 

Winter Sap Densities Near Timber Dine 

On the other hand, specimens collected at high elevations, on January 
I, 1918, only a day or two later, tell a very different story, for here the 
soil was already deeply frozen, and the exposure to evaporation had been 
ven^ severe for the preceding six days. 

These resulte and others which show changes with season, weather, 
and , soil condi^ons are given, ip Table XVIII. 



144 


Journal of Agricultural Research 


Vbl, XXIV. Ka * 


Table XVIII. — Sap densities in exposed situations, at high elevations, igi8 


Species 

Location 

Sftp densities. 

Jan. I. 

Feb. 6. 

May;. 

Mayxs 

Engelmann spruce . 
Bristlecone pine . 

Limber pine 

Bristlecone pine 
Engelmann spruce 
Alpine fir ... 

Limber pine 
Engelmann spruce 

Station F-16 

do 

Station F-13 ... 

Cabin Creek 

Gulch near F-13 

... do 

Cabin Creek 

Cabin Creek, edge of 
water. 

Per cent. 

“ 37 - 30 
30 ' 7 S 
31- 00 
30 - 56 

Per cent. 
31. 29 
28. 68 
24. 00 

30.37 

23. 66 
21 . 45 

Per cent. 

60 
C19. 71 

<^2I. 70 

Per cent. 

22 . 16 

20. 84 

21, 50 
19. 02 
20 , 6a 

1 2 1. 07 

24. 51 


o Similar specimen obtained Jan r?, 1921, from a very exposed site showed 33 5 atmospheres of osmotic 
pressure by free 7 inj 3 r-pomt method with 27 7 per cent sap density 

** Twigs from which needles were chpp^ showed at same time 19 95 per cent. 

<■ Twigs from which needles were clipped showed at same time is R4 i>er cent. 

Twigs from which needles were clipped .showed at same time 15 19 per cent 

At Station F-I6 there is at all times a contrast between the spruce 
and bristlecone pine specimens, until May i8, when thawing had become 
general. This is probably not altogether a specific difference but is 
due in part to the fact that the spruce was located in a hollow which 
collected snow and did not permit even temporary thawing of the soil 
until very late, while the bristlecone was on high ground only a few feet 
distant, from which the snow is usually swept away, and which might, 
therefore, thaw in a brief period . 

It may be a very significant fact that although the soil temperatures 
at Station F-16 on February 6 were 21.5® F. at i foot, and 23.6° at 4 feet 
(as against 27.0° and 30.5° on January i), and although there had prob- 
ably been no thawing ‘whatever during January, the sap densities of both 
spruce and bristlecone pine decreased during the month. The evapora- 
tion rate from February i to 6 was only about one-fifth as great as from 
December 26 to January i, meaning, of course, much less current desic- 
cation in the later period. But it is also indicated that at some time 
between January i and February 6 the leaves must have obtained mois- 
ture from some source. This might have been by transfer from the 
stems, if thawing of aerial parts occurred ; but there is no apparent reason 
why the leaves should not have taken up vapor from the atmosphere 
during periods when the vapor of the atmosphere was practically sat- 
urated. The possibilities of such absorption, as a relief for winter 
drought conditions, are too important to be overlooked. 

The material collected May 7 showed in all cases much lower sap den- 
sity in the twigs than in the more exposed half of the needles, the latter 
being selected because logically subject to the greatest drying. This 
indicates that small variations in die results may be exp^ted from 
clipping slightly more or less than half of the needles. 

All specimens showed a decided drop in densities on May 7, by which 
time there was a great deal of surface thamng, except, as explained, 
around the roots of the spruce at Station F-16. This tree responded 
in the next period. ^ .. 

The spruce and alpine fir obtained from a protected stand in a guldi 
near F-13 both on February 6 and May z8 show plainly &e advantages 
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of protection. The high density of the last spruce in the test, on May 18, 
is difficult to explain, in view of the exposure on a southwesterly bank 
and the apparent abundance of moisture. This may be due, however, 
both to the full exposure of the tree to light and to a possible high degree 
of nonavailability of the moisture as a result of acidity and lack of 
aeration. 

^ Summarizing, it is evident that the sap density of any species or indi- 
vidual is not a stable quality but varies according to the amount of 
photosynthesis which is permitted and according to current conditions 
affecting water supply and transpiration. Nevertheless, there is found 
in these data no reason for changing the original conclusion that, given 
equal opportunities and exposures, the sap density of spruce will be 
higher than that of any of the other species; that spruce will tolerate a 
very great loss of moisture, and a resultant high sap density in the 
needles, without injury; and that it can, therefore, be said that spruce 
is not only better equipped to resist transpiration, other things being 
equal, but that the ability to resist transpiration and its possibly injurious 
effects makes spruce in reality the least moisture-demanding of all of 
the Central Rocky Mountain trees. 

These conclusions, however tentative, must at least develop a wariness 
to accept average or temporary moisture conditions of the site as prima 
facie evidence of the relative moisture requirements of the species occu- 
pying it. 

On the other hand, we have as yet no evidence that spruce is more 
drought-resistant than other species or that the sap density and the speci- 
fic qualities that affect it react upon distribution through the water re- 
quirements. All that we have so far been able to show is that low sap 
density permits a species to occupy warm sites where the exposure is 
very great most of the time, while high sap density appears to hold the 
species to cool sites, where the winter drought may be severe, especially 
at high altitudes. 

WII.TING COEFFICIENTS FOR DIFFERENT SOILS AND SPECIES 

If it could be shown that one species is capable of extracting the mois- 
ture of the soil to a lower point than other species before wilting or other 
injury to the plant was apparent, this would constitute direct evidence 
that the first species not oidy was less likely to experience fatal drought 
conditions but also was capable of sustaining higher internal osmotic 
pressures without injury to the protoplasm. When wilting occurs, if 
the condition has been approached gradually, it may be assumed that the 
osmotic pressure in the plant is essentially the same as in the soil, and the 
latter, of course, increases as the moisture content decreases and the con- 
centration of the soil solution increases. 

It has already been indicated in connection with transpiration in 1920 
that spruce appeared to be able, under all conditions, to obtain the 
water required for free transpiration more nearly than any of the pines 
or Douglas fir. A similar test with the moisture gradually reduced to 
complete nonavailability would, perhaps, be preferable to wilting tests, 
whic^ must be conducted with seedling in order that the end-point 
may be observed ocularly. It is fairly evident that the seedlings may not 
^ow development of the internal characters which are important in this 
connection to the same extent as older trees. However, it can not be 
gaanmd that it is the seedlings whUffi are subjected to the greatest dan- 

S06ie— 28— -4 
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gers, and it is their performance, rather than that of older trees, which 
determines the composition of forest types. 

Although only a few wilting tests have been made in which the several 
species have been observed growing in the same soil, a considerable amount 
of information has been obtained on each species in a variety of soils; 
and by reference to the physical properties of these soils we may obtain 
fairly satisfactory comparisons. In each case, the species used was that 
one which occupied the given soil or predominated in the type in the 
field. 

PROCBDURS 

In general the intention has been to secure the wilting coefficient for 
the soil as found in the field — that is, with the normal admixture of 
rocks and gravel, since the saturation and capillary capacities and other 
physical measurements were on this basis. In this respect mountain 
soils present difficulties ordinarily not met with in agricultural work. 

To attain this end it is not sufficient to sample ^e soil for moisture 
content after the seedlings have wilted. The mositure content must be 
determined for a mass of soil large enough to represent normal pro- 
portions of rock and finer material. 

Pans about 10 inches square were used in the earliest tests, the soil 
being in a layer from i to iX inches deep. These were sometimes 
found to be too shallow to accommodate the rocks which should be in- 
cluded; consequently a standard round pan was specially made, having 
a diameter of 7 inches, a depth of 3 inches, a soil depth of 2 inches, and 
an ordinary soil weight of about 4 pounds. A few holes were punched 
in the bottom of each pan to prevent excessive wetness and to aid aeration, 
it being the belief that with the pans on a bench the evaporation rate 
through these small holes could never be an important factor. In fact, 
though the soil surfaces have usually been paraffined, it has never been 
attempted to make the coatings air-tight, since the object is not to 
prevent water loss from the soils but to insure that when wilting occurs 
the moisture distribution throughout the soil shall be fairly uniform. 

The vegetation has been secured by sowing seeds of the desired species 
in the pan of soil, watering these moderately, and permitting the seed- 
lings to develop for about a month before coating the pans and cutting 
off the moisture supply. Beyond the age of a month the seedlings may 
rapidly lignify, so that the wilting does not occur promptly or is very 
difficult to detect. This is true of Douglas fir seedlings at any age. It 
is, of course, realized that seedlings of this age may not exercise the same 
control over moisture as would older trees. 

The soil sample is placed in the pan in an air-dry condition and is 
oven-dried to determine its net weight. This practice may have had 
some effect on the colloids but is fully justified by the assurance it gives 
that micro-organisms will be eliminated and will not cause the untimely 
death of the seedlings. However, as mountain soils are rarely strong 
in clay, as the samples have always been air-dried first, and os the oven 
temperature has been only 92° C., it is thought any change in soil quali- 
ties may virtually be ignored. 

After drying, a cupful of soil is taken from the pan, a weighed lot of 
seeds is strewn over the smooth surface of the remaining soil, and the 
cupful is then used to cover the seeds. • 

^e moisture applied to induce germination and development of the 
seedlings has usually been left wholly to judgment, the intention being 
to give all that can be used and never to permit the surface to become dry. 
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The seedlings have been developed with abundant sunlight, in the 
greenhouse, avoiding excessive temperatures as far as possible. To 
make a satisfactory test each pan should develop at least 100 seedlings. 

When the final weight of a pan is secured, with the seedlings wilt^, 
deductions are made for the known weight of paraffin applied, as also for 
the weight of the seed used, which is assumed to be the same as that of 
the wilted seedlings and the loose hulls. This weight could generally be 
ignored without affecting the result appreciably, for the moisture content 
is usually 60 or 80 gm., as against i to 5 gm. for the seed of any species 
except yellow pine. 

DIRECT COMPARISONS OP THE SPECIES 

Not until 1920 was it possible to conduct special tests with two or 
more species in the same soil. The most comprehensive test, and there- 
fore the least likely to be misleading, was conducted from April to Sep- 
tember, 1920. In this case the soils were not sterilized by oven-drying, 
and considerable damping off of the seedlings occurred, which may be 
confused with legitimate wilting in the early stages. The pans were 
watered and weighed daily, and the losses of seedlings were recorded, 
so that it is possible to consider the losses at any stage. Because of the 
damping off, and also to make these results more comparable with thqse 
in which but one wilting period was recorded — ^that is, the time when 
practically the entire number collapsed — it seems best to consider in all 
these more recent tests the mean wilting point for the last 25 per cent of 
the total number of seedlings observed. Not infrequently the weakest 
seedlings die with twice as much water available as is required to sustain 
the strongest. 

In this particular test the moisture equivalents of the five soils were 
determined first, under a force of 100 gravity; and, assuming that these 
quantities were indicative of the same degree of availability in each soil, 
the watering in each case was so gauged as to maintain this moisture 
equivalent. It may be remarked that this quantity was very favorable 
for germination and establishment. Later the water content of each 
pan was reduced to two-thirds of the moisture equivalent, finally to one- 
third, and from that point downward by 5 gm. stages. This is important 
because other tests indicate that the drought which a seedling will 
tolerate depends much on the moisture to which it has become accustomed. 

The soils in this case were not paraffined, but some water was given 
almost every day in order to eliminate, so far as possible, extreme drying- 
out of the surface. It is significant that, perhaps on this account, the 
wilting coefficients are relatively lower than usual. 

The results of this test, which have already been given in the research 
manual (4, pt. i) to illustrate the relation between wilting coefficient and 
moisture equivalent, are given in slightly different form in Table XIX. 

We shall not discuss the rather variable relations of these wilting 
coefficients to the physical measures of moisture-holding properties of 
the soils. Suffice it to say that other evidence points to the fact that the 
several wilting coefficients represent an osmotic constant in the different 
soils, while either the capillary moisture or moisture equivdents fall 
considerably short of this. This relationship will be discussed in connec- 
tion with fibe field-moisture problem. The physical measures of soil 
moisture bear only a general relation to wilting coefficients and must 
be xistd with this understanding.* 

• Ww md«r urged to note the diAcuasion^oC tl^ by B»t« ^d U) wbw it is ^d« plain a 
eeuatant letio between wating coefficient end moisture equivalent is impossible if a wide variety of sod 
types is omsidered. 
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The important thing shown by Table XIX is that the wilting co- 
efficients of yellow pine, Douglas fir, and Engelmann spruce are essentially 
the same in all the soils, while that for lodgepole pine is much higher. 
There is, moreover, no evident reason for the fact that in some of the 
soils (sandstone and prairie shale) the wilting coefficient for spruce is 
lower than for either pine or Douglas fir. We must, at least at this stage, 
regard these variations as accidental.^ 

It will now be well worth while to determine whether, as between any 
two of these apparently equal species, a greater number of results brings 
out any difference. A very considerable amount of data has been secur^ 
on Douglas fir and spruce growing in the same soils. In introducing 
these data it is desirable to point out: 

I. That ocular observations on wilting, especially when the moisture 
supply is steadily declining, tend to favor Douglas fir, because that 
species has a much stronger and more fibrous stem and rarely collapses. 
The evidence of wilting is, therefore, much less plain than in the frail 
spruce seedling, and, it seems likely, may not be obtained until a day or 
two after the fatal condition has first existed. 


Table XIX . — Wilting coefficients of the four irnportavt species in 5 types of soil 


— * . _ — _ 

— 

— 

— 

— - — 

— 

— 

,, 




Mean wilting coefficients, best as per cent of the 






seedlings. 




Capillarv'^ 

moisture 

Moisture 






Kind of soil 

equivalent 
100 srav* 
ity 

Veilow 

pine 

Lodgepole 

pine. 

Douglas 

fir 

Engel- 

mann 

spruce 

Average 
of four. 

Granitic gravel sandy 

f^er cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

loam . 

Composite limestone | 

26. $8 

lo- 55 

2. 28 

2. 42 

2. 16 

2. 26 

2. aS 

loam j 

Composite sandstone j 

31-85 

22 00 

3- 23 

4. 12 

3 . 56 

3* 50 

3. 60 

loam 1 

Prairie silt loam from ; 

35- 34 

21 77 

4. 10 

5- 29 

4. 30 

3-03 

4.40 

^ale 

37 77 

28 79 

7. 80 

8. 69 

7- 79 

7-43 

7- 93 

Composite lava silt 







/ 

loam , 

43- 16 j 

27. 80 

4-52 

6. 00 

4-97 

4.87 

5-09 

Average j j 

4. 39 j 

5- 30 

4- 56 

4.40 j 

4 * 66 


2. That in the early stages of development Douglas fir roots more 
strongly than spruce and its roots reach a greater soil area, but 
particularly in these pan tests they reach the deepest layer of soil 
which may not be drawn on at all by the spruce if the wilting is accom- 
plished at an early age. (See Plate 7, B.) 

3. Therefore, in these tests it is evident that if spruce seedlings tolerate 
as great a degree of drought as fir, the moisture being known only through 
the whole pan weight, it must be through greater ability to extract water 
from the soil. 

From Table XX it will be evident that the wilting coefficient for spruce 
is, on the whole, higher than that for Douglas fir. The difference is only 
a^ut 3 per cent of the value for fir. Of the 23 cases dted, only 6 give 
spruce a lower value than fir, and 5 of these 6 are among the loose gravels 

7 Since the foregoing statement was written very «>nvindiu results have become available showhif the 
difTerent effects d ea<m of these soils in stimulating the growth of each species, both according to dhtemieal 
composition of the soil and the concentration of its siduUon. It can hardly be questioned that this has a 
direct bearing on the behavior of the seedlings as the wilting point is approached, and In fact that this ohttre 
problem is quite at much one of chemical relatiofisasof the physical rtaations which have been discusiad In 
this paper. It is hoped that something may be published ou this chemical phase in the near Ittturt. 
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or sands of granitic ori^n, while only i is found in the more loamy soils. 
This is at least suggestive that in the soils of freer capillary movement 
the very meager root system of spruce is not so great a disadvantage. 
From these facts we certainly can not draw tlie conclusion that in the 
osmotic sense spruce has any less control over soil moisture than fir. 

INDIRECT COMPARISONS OF TUB SPECIES 

A very considerable amount of information has been secured in the 
somewhat routine process of determining the wilting coefficients for a 
large number of soils of almost every possible origin in connection with 
nearly every study in which soil quality or soil moisture has been an 
important factor. For the most part the wilting coefficients have been 
determined for each soil only with respect to one species, that one being 
the species which characterized the soil or site in the field. It is obviously 
necessary, before these results may be used for a comparison of the species, 
that each result should be related to some other measure of the moisture- 
holding properties of the soils, and the best measure at present available 
for any considerable number of the soils is the moisture equivalent at 100 
gravity. As we have seen in Table XX, however, even this does not bear 
a constant relation to wilting coefficients, when radically different types 
of soil are considered. Particularly does it seem that the coarse-grained 
granitic soils of the Pikes Peak region, which we have studied more than 
any other, have an unusually weak hold on the water until the amount 
is brought. close to the wilting coefficient, so that the moisture equivalents 
of these soils are relatively low. 

Table XX . — ComparaUve vtlitng cofjfictenis 0/ spruce and Douglas fir m the 

same soils 


Kiud of soil 


! WjliinK cocfticM.*ut 


Ratio of wiJtmg 
coelllcietit to moisture 
eQiu valent 




Fir 

Spruce 

; Fir 

1 Sprui c* 


J*er cent 

Per cent. 

Per cent. 

I 

1 

Granitic gravels over 50 per cent 
rocks and coarse gravel , less than 

.V 53 

1 30 

3 39 

' 0. 368 

0.394 

4 35 

3 . 73 

1. 94 

i .398 

. 446 

ao per cent silt and clay. 

4 86 

2. 05 

2. 03 

I . 422 

. 418 


5-03 

I. 77 

1, 80 

* 352 

358 


5 - 04 

2. 14 

2. 23 

. 424 

. 442 


5 oO 

3 * 54 

3 . 34 

. 502 

. 462 


5 19 

2. 01 

1. 87 

•387 

. 360 


5 57 

I. 94 

1. 71 

. 348 

•307 


5. 62 

3 33 

2. 61 

•379 

464 

Granitic sandy loam . . . 

1 1. 05 

2 94 

2. 91 

. 266 

• 263 

Granitic spruce soils, varying from 

11 68 

2. 72 

2. 88 

•233 

. 246 

rocky coarse sand to silt loam . 

11.72 

3 . S 3 

2 . 79 

. 216 

. 238 

34- 45 

42 

4 09 

• 239 

. 283 


39*95 

0 41 

6 . 44 

.321 

• 323 


2a 32 

5. 60 

5 * 78 

. 276 

. 284 


22. 02 

5 - 25 

5.61 

.238 

• 255 


26. 30 

34 

8. 17 

•317 

• 31^ 

1 

2g. 84 

7 - 44 

7 - 9 ^ 

. 249. 

. 268 


42. 7a 

17.09 

17.40 

. 400 

• 407 


73 * 50 

17 * 53 

i8. 56 

.238 

• 253 

Quartz latite rocky sandy loams. . 

11. 96 


I 5 - 20 

.429 

•435 

13. 98 

6. 96 

7. 14 

.498 

. 510 


14. 85 

5 - 73 

6. 04 

•385 

. 407 

nf all ’ 




•3427 

•3537 
. 0110 

Mean difference ! 

Probable error in mean difference.! 




1 




. 0029 

. ... 1 
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Tabl9 XXI . — Misullaneous wilting coefficients. 


YEI.I.OW PINB 


Sam- 

ple 

No. 

Station or forest. 

Origin and character of soil. 

Moisture 

equiva- 

lent. 

Wilting 

coeffi- 

cient. 

Ratio of 
wilting 
coeffi- 
cient to 
moisture 
equiva- 
lent. 

Conditions of test. 

S »6 

Nebraska .... 

Aeolian ridge sand 

Per cent. 
3 * 7 * 

Per cent 
0.54 

0 145 

Without paraffin. 

jas 

. . do 

Aeolian bottom very fine sand . . 

J 3 . j6 

9*51 

.303 

Do. 

70 

Fremont F-s.. . 

Granite gravel . 

s- 41 

X. x6 

.314 


71 

. . .do 

... .do 

5 - 9 * 

3. 63 

•445 


73 

, . . do 

do . . 

S 86 

3 . 67 

.456 


73 

. ..do 

Granits sand 

9. 39 

3 - 67 

•395 


78 

Fremont F-4. . 

Granite gravel 

5. 30 

1.79 

•344 


79 

... do 

.do ... .... 

4.69 

1 38 

.973 


80 

. ..do 

. . do 

3* 70 

1.43 

.387 


36 

Fremont F--6. . 

do 

6. 73 

3 44 

•363 


39 

....do 

.. ..do 

5 - *4 

3 . 6s 

.506 


*5 

. do 

.do 

4.48 

1.8s 

•413 


X 3 J 

Fremont F-is. 

do • • I 

s. 87 

1*99 

.339 


I 3 » 

. . do 

. do .. 1 

4. 63 

J 97 

.437 


130 

PikcM-i . . 

Granite coarse sand . , 

8. 91 

a 36 

! • 96s 

Do. 

ta 4 

. ..do 

..do 

6 61 

t. 53 

. 93a 

Do. 

I17 

do .... 

. . . do . . . . . . 

6 76 

1 68 

. 349 

Do. 

53 

Black Hills ... 

Limestone silt loam 

30 55 

1 IS 33 

• 509 

Do. 

55 

. . do 

Sandstone loam 

16 03 

3 s8 

. 161 

Do. 

63 

- . do.. 

Sandstone silt loam 

23 . 30 

6. 41 

.287 

Da 

63 

do ... . 

Schist loam 

19 06 

6. 26 

.398 

Do. 

Z 33 

Colorado 

Sandstone fine sandy loam 

16 96 

9 - 97 

587 


137 

Wagon wheel 
Gap 

Cache 

Quartz latite loam 

21 95 

3 - 77 

.17a 


XOZ 

Volcanic ash, etc . . . | 

28 33 

13 . «:7 

• 445 

•Do. 

103 

do 

Silt loam . . ... . 

38 05 

9 89 

• 349 

Do. 

103 

do 

..do 

39.66 

ZO J 4 

. 349 

Do. 

104 

...do . . . 

. do 1 

27.37 

10 40 

. 383 

Da 

63a 

Wagon wheel 

Quartz latite sandy loam 

18.43 

7 * 50 

.407 


Gap 

Fremont 

Granitic sandy loam 

10 43 

4 09 j 

• 39a 



LODGEPOLE PINE 


1 

Arapaho 

Grsmitic loam. .... 

*7 03 

7 34 

a 43 * 


3 

.. . do 

Granitic sandy loam 

II ^39 

3 03 

. 367 


3 

do 

Granitic fine sandy loam . . 

*6 75 

J SO 

. 309 


4 

. .do 

.do .. .. 

7-63 

3. 75 

.360 


5 

. .do 

Granitic coarse sand 

7 75 

5 - 70 

• 736 


6 

do 

Transported fine sandy loam 

13 6 s 

3. 96 

. 317 


363 

Medicine Bow. 

Gneiss coarse sand 

* 3-45 

4 79 

• 35 * 

. Without paraffin. 

263 

.do 

..do .. 

16. 35 

3 65 

. 334 

Da 

364 

36s 

533 





•257 





76 

4.69 

Da 

, .do 

Gneiss fine sandy loam 

13 . 90 

.364 

540 

do 

...do .... 

13 - 78 

5 - 92 

•379 


541 

do . . .. 

- ..do 

14 75 

4 - 75 

.399 


558 

. do 

do 

13 - 76 

S- 61 

. 408 


559 

do 

Gneiss fine sand 

10 33 

4. 00 

• 399 


J 37 

Wagon wheel 
Gap. 

Leadville 

Quartz latite loam 

91-95 

4.41 

. 301 


71 

Sandstone silt loam 

91-34 

1.90 

.089 

Do. 

13 

.do 

Sandstone fine sandy loam. . . 

19.35 

3 53 

1 . 304 


S 7 

Fremont F-10. . 

Granitic sandy loam 

9.37 

3 - 55 

• 383 


48 

Colorado 

.. .do 

DOUGLAS : 

1 ia 39 

FIR 

3 * 14 

1 .393 



8 

Arapaho . . 

Igneous fine sandy loam. ...... 

* 3 - 3 * 

4. 19 

0.309 


66 

Fremont F-i 

Granite gravel .... 

4-99 

9.3* 

•538 


67 

. ...do 

do ... . 

3.60 

•93 

.358 


68 

do 


4 34 

• 76 

•* 7 S 


69 

do. ... 

Granite sand 

8. 3 S 

3 . 13 

.358 


17 

Fremont F-7. . . 

Granite gravel 

4 - 7 * 

X. 36 

.368 


19 

. do ... 

.. do. ... 

4-94 

X.34 

•951 


18 

Fremont F-o . - 

.... do 

5 - 03 

.96 

. xgt 


lar 

Wagon Wheel 

Quartz latite loom 

31 . 95 

5- 1* 1 

.333 

Without paraffin 


Gap 



1 



833 

Medicine Bow . 

Gneiss fine sandy loam . . 

13.90 

4.04 

• 3*3 


540 

.... do 

... do 

13.78 

4.88 

•354 


54* 

do 

. ..do 

14-75 

4*44 

• SOI 


558 

... .do 

do 

13.76 

S-S« 

• 400 


5S9 

.. ..do 

Gneiss fine sand 

ta 33 

3*76 

.368 
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Tabi^iS XXI . — Miscellaneous wilting coefficients — Gmtinued 

ENGELMANN SPRUCE 


i 

i 

S«m< 



Moisture 

Wilting 

Ratio of 
wilting 

coeffi- 


pie 1 
No, 

Station or forest. 

Origin and character of soil 

equiva- 

lent 

coeffi- 

cient 

cient to 
moisture 
equiva- 
lent 

Conditions of test. 

74 

Fremont F-3. 

Granitic gravel. . . 

7.87 

I 54 

0 196 

Without paraffin. 

'IS 

... do . . , . 

. . . do . , 

6. S 3 

1. SI 

• 2JI 

Do. 

76 

. . do 

. do . 

3 99 

iso; 

364 

Do. 

76 

....do . . 

Fremont F-s. . 

. . do . 

3 99 

X. 40 

3 ';i 

With paraffin 


do 

6 74 

2. X 2 

315 

Without paraffin 

ss 

do 

do 

7 62 

2. 64 

347 

Da 

34 

. do 

. . do . . 

6. 68 

X. 98 

• 207 

1 Da 

IIO 

Wagon Wheel 
Gap D, 

Quartz latite sandy loam . 

20. so 

7-56 

-369 

j 

1 

III 

do 

do , 

17-38 

3 59 

.207 

1 

112 

... do .. . . 

do . . . . . 

17.72 

4. 14 

- 334 


632 

Wagon Wheel 
Gap A-i 
Fremont 

...do i 

Granitic sandy loam. . 

* 8-43 

10 42 

6.93 

3 - 73 

•376 

• 358 


(5 

Arapaho . . . 

Transported fine sandy loam 

13-65 

3- 22 

. 2)6 


243 

Leadville . . . 

Granitic loam , . 

45 - 40 

7 60 

. 168 

Da 

231 

Battlement . . 

Lava loam 

30. 16 

4-93 

. 163 

Do 

232 

. do 

do . . ... 

21. 83 

3 73 

.T 7 I 

Do. 

20s 

! Bighorn 

Granitic sandy loam . . 

17 40 

2. 88 

.166 

Do. 

206 

do . , . 

do . . 

13-63 

2 17 

• 159 

Da 

322 

Gunnison . . 

Limestone silt loam 

28 16 

3 - 3 ^ 

. I18 

Do. 

321 

. do . 

I.imestone loam . 

22. 78 

2 69 

. I18 

Do 


In Table XXI there are presented all the wilting coefficients which have 
not been given in the two preceding tables, and for which the correspond- 
ing moisture equivalents are available. On examining the data, how- 
ever, it is readily seen that in each group those tests which have been 
made without coating the soil with paraffin give much lower coefficients 
than those in which the soil was coated. This is as might be expected 
and, since the proportion of such tests is variable in the different groups, 
it seems best to discard all data obtained in this way. We then obtain 
the following averages : 


Species. 

Num- 

ber 

of tests 

Mean 

moisture 

equivalent 

Mean ratio 
wilting co- 
efficient to 
moisture 
equivalent. 

Yellow pine 

16 

Per cent. 

8. 42 

0.3835 

Lodgepole pine 

IS 

12. 90 

.3468 

Douglas fir 

13 

8. 76 

■ 3065 

Engelmann spruce 

7 

14. 58 

• 3044 


When allowance has been made for the fact, which is evidenced by the 
mean moisture equivalents, that three-fourths of the usable data for 
yellow pine and half of that for Douglas fir were obtained with granitic 
gravel, or sand soils, although these soils do not much effect the other 
two groups, it is definitely decided that wilting coefficients are much lower 
for Douglas fir than for yellow pine, probably somewhat lower for yellow 
pine than for lodgepole, and certainly lower for Douglas fir than for 
spruce. 
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With this confirmatory evidence, no hesitancy need be felt in placing 
these four species in the following approximate relationships : 


Species. 

1 

Approxi- 
mate mean 
ratio of 
wilting co- 
eflioients to 
moisture 

Species 

Approoci- 
mate mean 
ratio 

wilting co- 
efficients to 
moisture 

equiva- 
lents on 
common 
basis of soil 
qualities 

equiva- 
lents on 

basis of soil 
qualities. 

Lodgepole pine 

0-35 

Engelmann spruce 

0. 32 

Yellow pine 

33 

Douglas fir 

*31 


Certainly, from all the evidence available, the differences between the 
species are not any greater than here indicated. From all that we have 
found, it would probably be fair to say that in actual ability to stand 
drought, at least for the conditions existing in these pan tests, there is no 
essential difference between yellow pine, Engelinann spruce, and Douglas 
fir, the greater frailty and slow rooting of the siDruce as compared with 
fir or pine being balanced by an actually stronger affinity of the spruce for 
any water within reach of its roots. On the other hand, lodgepole seems 
to stand out both as frail and slow-rooting, and with no compensating 
development of high sap density or osmotic pressure, so that it does 
succumb to drought much sooner than the others. In one test only, 
limber pine and bristlecone pine have shown themselves in practically 
the same class as yellow pine. 

resistance to excessive heat 

The sap densities observed in seedlings, and the relative rates of tran- 
spiration as apparently affected thereby, gave rise to the suggestion that 
there might be a specific difference in heat requirements based on this 
same set of internal conditions. While, on the one hand, the freely 
transpiring species of low sap density w^ould seem to require a warm 
environment to counteract the cooling effect of this transpiration, on the 
other hand, the species of high sap density, which also seem to function 
more fully than others without full direct sunlight, appear to be always 
in danger of becoming overheated because, for some physical reason not 
fully explained, the heat absorbed is not so fully utilized in evaporation. 

One thing which the close observation of seedlings in the wilting tests 
has made very plain is that at an early age all seedlings are very sus- 
ceptible to injuty just where the stems are in contact with the surface 
soil. At times it has seemed as though moisture absorbed by the roots 
might be extracted from the stems at this point, so blanched and shrunken 
do they become as soon as the surface of the soil becomes dry. On 
the other hand, it is perfectly evident tliat, as soon as the surface soil 
ceases to possess moisture to keep its temperature down, it may in sun- 
light easily become by far the warmest part of the environment. The 
measurement of the temperature at the warmest point is exceedingly 
diMculti but the showing of thermometers more or less submerged 
indicates that the soil surface not infrequently attains a temperature 
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of 160® F. It is, therefore, readily seen that in soils exposed to sun- 
light the injury resulting from drought at the surface may be indis- 
tinguishable from that due to superheating. Under ordinary circum- 
stances the two injurious conditions will be inseparable. 

The difficulty of determining the heat tolerance of seedlings at the 
point where they are commonly injured by heat is, because of the in- 
fluence of moisture, very great. We have not been able to conceive 
a test of heat tolerance in the normal sense, except through the employ- 
ment of sunlight or some other more powerful radiant energy. Every 
other possible plan of exposure to heat seems to have the objectionable 
result of injuring the foliage first, which rarely happens in nature, or 
of preventing normal evaporation wdth whatever protection that may 
afford. 

Therefore, the only lest " that has been made to determine the 
relative tolerance of heat by forest-tree seedlings has been on this basis 
of obtaining as high temperatures as possible in sunlight, with the air 
to some extent artificially warmed. The actual temperatures attained 
were measured only so far as was possible by placing mercurial ther- 
mometers directly above the soil surface. The seedlings of each species 
were developed in several pans, each of which represented a different 
moisture content. Because of the fact that the largest amounts* of 
soil moisture permitted almost no injury, the moisture contents were 
in several cases lowered before the test was completed, so that the 
recprd is considerably confused. From the data secured, however, the 
following conclusions, admittedly tentative, may be drawn. 

1. Injury to seedlings from excessive heat is plainly greatest when 
the seedlings are youngest. This introduces a complicating factor in 
the test, because exposures to high temperatures were begun before 
germination was entirely completed and when, therefore, there was 
the most marked difference in ages. Kngelmann spruce ordinarily 
germinates most promptly and spontaneously. Consequently, while 
there was marked early damage to this species, tlie fact that there were 
few later germinations left the species then immune for some time. 
Lodgepole pine exhibits just the opposite characteristics and effects. 

2. Seedlings which survive a certain degree of exposure are not likely 
to be injured until the conditions become considerably more severe. 

3. The ease with which any species may be injured increases very 
markedly as the moisture content of the soil decreases. With the lowest 
content, 3 per cent, whidi in this soil was appreciably above the wilting 
coefficient, it may be questioned whether tlie injury was not due to 
drought almost wholly, since between waterings the wilting coefficient 
of the soil was readied. 

4. At all times the nature of the wilting was indistinguishable from 
that which occurs with similar seedlings when no excessive heat is in- 
volved. Consequently, it appears tliat wilting may be due as much 
to inability to supply transpiration losses as to the direct effects of the 
temperatures. The fact that no wilting was secured with 14 per cent 
moisture appears to bear out this idea, yet it must be remembered that 
this free moisture may have greatly reduced the temperature extremes 
of the surface soil, ^e fact that temperatures recorded just above 
the soil were not in excess of 135® F. further suggests that wilting was 
the result of transpiration losses rather than a direct temperature effect 
on the protoplasm. 

• Credit for the conduct of this test should be given to Forest Asisstsnt J . Roeser, jr. 
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5. With this understanding of the situation we may say that in this 
test Engelmann spruce and lodgepole pine were most susceptible, while 
Douglas fir and yellow pine were about equally resistant. The factor 
whidi seems to control susceptibility is mainly structural rather than 
physiological — ^that is, it is the small mass of the spruce and lodgepole, 
and possibly their weak rooting, which causes them to stand out in 
contrast to yellow pine and Douglas fir under extreme dr3dng conditioxis 
of relatively short duration. 

This pairing of spruce with lodgepole suggests as strongly as do the 
high wilting coefficients for lodgepole the very poor ability of the latter 
to supply itself with water; but, in the light of the other facts secured, 
the same cause will not fully explain the behavior of spruce. It is 
believed it would be fairer in the case of spruce to say that high tem- 
peratures in direct sunlight create high internal temperatures and some 
direct heat injury. This hair-splitting distinction is necessary for the 
proper physiological interpretation which will agree with the other facts 
at hand. It may be added that the susceptibility of spruce to injury in 
sunlight has been very evident in many of the wilting coefficient tests. 

EVIDISNCE OF WINTERKIEUNG 

Winterkilling of trees is generally recognized as the direct result of 
evaporation from the leaves or twigs at times when moisture can not be 
supplied to replace the loss, owing to a frozen condition of the soil. It is, 
of course, not confined to evergreen trees but may affect fruit trees, or 
even such hardy forest trees as honey locust, when devoid of foliage. 

The conditions for winterkilling are usually provided by a very rapid 
rise in air temperatures and by wind which facilitates evaporation. 
The soil, of course, warming more slowly than the air, may not free its 
moisture for many hours 5 ter the beginning of the unseasonable air 
conditions. Likewise, if the tree stems have been thoroughly frozen, 
they may not be able to transport water imtil a great loss from the 
leaves and small twigs has occurred. 

The conditions conducive to winterkilling are especially likely to be 
produced near the base of the Rockies from northern Colorado northward. 
%e coniferous forests which are subject to this form of injury are there- 
fore the low-lying yellow pine forests of the Black Hills and eastern 
Montana. Here the Chinook, a warm wind occurring at a season when 
the normal temperatures are below freezing, attains its most typical 
development. 

A typical Chinook has not been noted within the locality of the present 
study. It has been shown, however, that in the Pikes Peak region the 
winds from January to March possess the powers of a modified Oiinook. 
While they do not often bring extremely large rises in air temperatures, 
they are of high velocity, the air is dry, and the soils at all elevations, 
unless strongly isolated, are likely to be deeply frozen and remain so 
throughout the duration of the wind, which is often two or three days. 

The Pikes Peak region therefore presents a good opportunity for the 
study of the relative resistance of the several species to this form of 
drought, for the desiccating influence is not confined to the low zone 
where only yellow pine occurs. 

The present writer (2) has described in some detail the cumulative 
effects of winds occurring at the Fremont Station in January and March, 
1916. It was shown that on a south exposure where yellow pine, Douglas 
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fir, and limber pine grow in a mixed stand, Douglas fir at first showed a 
more pronounced discoloration, but later the injury to yellow pine was 
seen to be much more severe, as only this species was defoliated. This 
injury was always much more pronounced on the west (windward) side 
of a tree, but it varied with different specimens, partly because the 
ground is strewn with large boulders which deflect the wind and also 
reflect sunlight. While in no case fatal (and even the general injury in 
the Black Hills in 1909 caused a very small percentage of deaths), this 
defoliation obviously must have a retarding effect on the growth of the 
whole tree. That the same kind of injury occurs at intervals of a few 
years, and that it hits “twice in the same spots,’* seems to be indicated 
by the one-sided development of most of the trees which were injured 
in 1916 (see PI. 7, A). Buds and branches were rarely injured in this 
case, and new foliage appeared almost as early as on unaffected trees 
or parts. 

In the nursery, where there was no snow to furnish protection during 
most of the winter, a better comparison of the species was possible be- 
cause of the uniform conditions of soil and exposure. Yellow pine stock 
was damaged more than Douglas fir; Douglas fir far more than spruce. 
In fact, in only a few cases was spruce even discolored. With lodgepole 
the injury was usually confined to an exposed branch or leader, suggesting 
incomplete ripening of the previous season’s growth. 

This indicates, as do all other data, that spruce can bear drying to a 
greater degree than the other species, or at least that it resists the dry- 
ing better, which comes to the same result. It is perhaps significant of 
the moisture-conserving adaptation of limber pine, which has been 
indicated by the transpiration tests, that there was no apparent injury to 
this species on the south slope where yellow pine was most plainly injured. 
It resisted wind-drying of this kind as well as any species. On the other 
hand, during the summer drought of 1917, limber pine was the only 
species showing injury to trees of large size. 

SUMMARY 

The relative qualities of the important forest trees of the Central 
Rocky Mountains, primarily from the standpoint of moisture relations, 
have been approached from five different angles. No one of these efforts 
has been free from errors, and no one would alone cany conviction, but 
the several results are corroborative with only insignificant exceptions. 
These comparisons of the species have been made on the basis of — 

1. Measurements of the w^ater used in relation to p*owth and leaf ex- 
posure of 3- to 9-year-old trees, under uniform conditions for all species. 

2. Comparisons of sap density under uniform and varying growth con- 
ditions. 

3. Measurements of the moisture of soils not available to young seed- 
lings by direct comparisons of the species and also under varying con- 
ditions as to soil quality and atmospheric stresses. 

4. Observations on fatality among seedlings under high temperature 
conditions. 

5. Observations on the resistance to winter drought of specimens 
growing side by side, and as measured by the extent of injury to foliage. 

It will have become apparent that there are several asj^cts of the 
moisture relations, that the several species studied do not always stand in 
the same relation one to the other, and that it is not even possible to state 
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that of the Rocky Mountain species one is distinctly more drought-re- 
sistant than the others. The mositure relations apparently vary much 
with the other environmental conditions, and it is perhaps the most 
important feature of this paper that a somewhat logical relationship has 
been shown to exist between moisture requirements and other require- 
ments of each species. 

We may, then, briefly outline the theory and at the same time observe 
how closely it applies to the behavior of each species under each of the 
situations that has been presented. We may take as our starting point 
the relative “tolerance to shade” of the several species, because this is a 
character which always has been quite closely observed by foresters and 
in which, empirically, rather definite lines have been drawn. 

Briefly the physiological requirements appear to be related on this 
basis : 

1. The species of greatest shade tolerance or greatest ability to make 
effective use of sunlight in photosynthesis will possess, other conditions 
remaining equal, after a period permitting accumulation the greatest 
amount of soluble carbohydrates in the leaves. In this fundamental 
respect we shall adhere, at least tentatively, to the classification in- 
dicated by the December, 1917, sap densities, as shown in Table XIII, 
placing spruce at the head of the list of our indigenous species, followed 
by Douglas fir, lodgepole, bristlecone, yellow, and limber pines. 

2. The presence of considerable quantities of carbohydrates augment- 
ing other solutes creates a dense sap, or solution, which does not evaporate 
so readily as a dilute solution. Because of the osmotic pressure exerted 
by a dense solution, there should at the same time be greater ability to 
extract water from the soil, though there is no evidence that at the end 
of the struggle one species tolerates appreciably greater drought than 
the others. 

3. The presence of these solutes in large quantities is also, naturally, 
conducive to a high growth rate. 

4. By restricting evaporation, the soluble carbohydrates may increase 
the net amount of the light energy available for photosynthesis, so that, 
whatever the original quality which made the plant effective, this quality 
is augmented by its own results. 

5. By restricting the use of heat in evaporation, however, the dense 
cell sap may not only reduce the relative heat or light requirement of the 
species but may subject it to the danger of superheating. Of all the 
possible influences of the specific differences which give rise to the cell- 
sap differences, it is believed this is the most important ecolo^cally and 
the most potent in its effect on the distribution of the species. If we 
assume distribution to be controlled primarily by this physiological 
factor, it becomes fairly simple to see how adjustments have been made 
to meet other conditions of the environment, principally in the form of 
structural adaptations, which differentiate the species beyond that 
difference which may arise from photosynthetic efficiency, and which 
may to a certain extent compensate for the physiological deficiencies. 

If we accept the heat hypothesis as fundamental, we mean that each 
species will be limited in its distribution rather sharply by the maximum 
temperatures which it can tolerate (probably in the early seedling stage) 
and also limited in its growth by its minimum requirements, so that at a 
certain low temperature it is unable to compete with more highly devel- 
oped species and hence loses its dominance in the forest. In the moun- 
tain forests, therefore, we should expect to find the six species zonated 
according to temperatures, in the order named just above. 
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This zonation holds, definitely, however, only for Engelmann spruce, 
Douglas fir, and yellow pine, which we have shown to be so equally 
developed as forest dominants that the fundamental physiological differ- 
ences control all their relations. With the three more or less weedy pines 
there are, plainly, adaptations which are equally effective or more effective 
in controlling distribution. It is significant of the importance of high 
temperatures as absolute limitations that these three species are all found 
in higher and cooler zones than their physiological conditions necessitate. 

Supplementing physiological characters, we may have stomatal reduc- 
tion, thickened epidermis, or clustered leaves, all tending to reduce the 
absolute transpiration, but, while doing so, inevitably reducing either 
the intake of carbon dioxid or the effectiveness of sunlight so that 
photosynthesis and growth are reduced perhaps even more than is water 
loss. This seems to be the general line of protective development in the 
“weed*' trees, limber pine and bristlecone pine, and to a lesser extent 
in lodgepole pine. 

Again, resulting from gradual adjustment to the moisture conditions 
which accompany certain heat conditions, the forest trees have different 
root habits, or (shall we say are unequally stimulated to root develop- 
ment. It is believed that temporary stimulus has much to do with 
it, but inherited habit still more. Be that as it may, yellow pine and 
Douglas fir root much more vigorously at an early age than lodgepole 
pine or spruce. Almost as divergent are the germinating rates of the seed, 
lodgepole pine standing out as the most sluggish of the six species studied. 

In the strictly physiological sense, spruce is undoubtedly the most 
highly developed of the indigenous species we have considered. This 
is evidenced by the sap densities which the trees show after long seasons 
of photosynthesis and by the amount of growth made in relation to the 
total amount of the water consumed. 

In actual water consumed by a tree exposing a unit area to light (and 
wind) spruce is again the most economical, followed by Douglas fir, 
bristlecone, limber, yellow, and lodgepole pines. In this consideration, 
it is, almost without question, the special adaptations of the weed pines 
which put them down as only moderately extravagant, making them 
especially suited to exposed windy sites but wholly incapable of holding 
a permanent place in the forest. On the contrary, spruce maintains 
a moderate rate of transpiration under the driest conditions (so far as 
measured) for two reasons, namely, because it does not mechanically 
restrict losses but forges ahead with growth, and because when the water 
supply is low it is still more able than any of its competitors to supply 
its needs and is not so soon restricted either in transpiration or growth. 
These facts stand out very clearly. In this comparison we have placed 
Douglas fir next to spruce, believing that the actual position shown by 
Table XI is misleading, because the trees involved did not develop 
normally. 

In resistance to winter-drying, limber pine with its peculiar structural 
development and spruce with its high physiological resistance have 
shown themselves about equally effective. Douglas fir and yellow pine 
follow with increasing weakness. Lodgepole pine shows greater resistance 
than would be expected, a fact which we shall not attempt to explain at 
present. 

Considering the drought resistance of seedlings, through the wilting 
co^cients of a number of soils in which they have been compared, we 
find the same physiological properties evidently at work, though much 
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obscured by the relative sizes of the seedlings and their root developments. 
The seedlings of spruce and lodgepole pine are small and frail and in the 
first two or three months develop scarcely more than half the root 
produced by Douglas fir and yellow pine. As a result, even when care- 
fully protected from excessively rapid water loss, lodgepole pine seedlings 
show far less drought-resistance than the others. Spruce seedlings, on 
the other hand, show quite as great resistance as those of pine or fir 
when not excessively insolated, and possibly a little more if the drought 
condition is approached every slowly. Limber and bristlecone pine 
seedlings, as meagerly observed, resist drought with the best of the others, 
no doubt because of a low rate of transpiration. In this connection the 
soil conditions leading up to wilting of seedlings should be borne in mind. 
Rarely is it possible for the roots to reach and extract all of the moisture 
which it would be physically possible for them to absorb. The complete- 
ness of this absorption depends very much on capillary movement in 
the soil. If the amount required by the seedling is small, this movement 
may supply the needs. Therefore, the rate of transpiration by the seed- 
ling is very important in determining, to a fine point, the degree of 
drought which it will resist. 

In nature all possible rates of soil-drying are represented, dependent 
very much on the amount of insolation on the site and to some extent 
on the nature of the soil cover. The open south exposure will usually 
dry at the immediate surface very rapidly. Because of the lack of humus, 
however, the layer just below the surface may remain moderately moist 
so long as the quantity of water below is sufficient to maintain capillary 
movement. When that end is reached, the soil undoubtedly dries out 
very rapidly to a considerable depth. Even with the respite furnished 
by capillary movement, the whole process of drying, in continuously 
bright and dry weather, seems likely to be accomplished here sooner 
than in the contrasting site . This may be on bottoms or north exposures 
where the total moisture supply is sufficient to produce a closed stand, 
heavy shade, and the accumulation of humus. In this soil the surface 
litter and humus are rarely thoroughly wetted except during and imme- 
diately after the melting of snow. The more decomposed humus below, 
however, due to a lack of insolation and being protected by the surface 
litter, is rarely dry except after prolonged drought. It dries out slowly 
and steadily, however, both through the demands of the roots below and 
by direct evaporation. It follows that, since these demands in the aggre- 
gate are very large, such a soil may at unusual times, or possibly in the 
usual autumn drought, become extremely dry, especially so in the 
physiological sense, because of its high wilting coefficient. 

On the one hand, then, we have the rapidly fluctuating moisture 
conditions of the well-insolated site, which, for the establishment of 
seedlings would appear to demand prompt germination and prompt 
deep rooting. Yellow pine is preeminently adapted to these conditions 
by reason of its large seeds, which produce large sturdy seedlings with 
a habit of immediate deep rooting. There is nothing in the evidence 
on this species to sugTOst conservatism in the use of water. Probably 
the extravagant use of water assists in protecting from excessive heat. 
Success is dependent on the roots reaching a layer of the soil whidi does 
not dry out dangerously through insolation. It follows logically that 
3^ow pine can not attain success in the face of competition, either 
with the roots of established trees or with grasses and lierbs whose use 
of the water would materially augment the drying of the surface layer. 
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The large moisture demands of yellow pine, with the normal amount of 
precipitation, can only be supplied in open stands, which first permit 
p2€ safe establishment of the roots at a depth and later their extension 
into a large area of soil. This is of fundamental importance in the manage- 
ment of the species and explains the ultimate failure of one crop of seed- 
lings after another in stands which are already moderately crowded or 
apparently fairly open. 

Next in order on such sites we might expect to find Douglas fir, because 
it, also, produces a deep-rooted seedling. However, we should bear in 
mind that this species transpires less freely than yellow pine and hence 
may not be able to tolerate so much insolation. Extended observation 
shows that it will grow almost anywhere that yellow pine will grow, 
provided only the seedlings may have shade until they have passed the 
stage when most susceptible to heat injury. The fact that seedlings 
start in the shade of and in the densest root area of yellow pine trees 
shows that this species requires less moisture than yellow pine or, at 
least, that the moisture is not a controlling factor, and it is apparently 
for this reason that Douglas fir forms the climax forest except on the 
warmest yellow pine sites. 

Limber pine and bristlecone pine are also, by germination and rooting 
habit, adapted to well-insolated sites. The sap density of bristlecone 
pine, however, is apparently considerably higher than that of limber 
pine, and therefore it succeeds better on cooler sites and on heavier 
soils. The physiological development of both species and their growth 
rates are so low that neither can hold a place in the forest in competition 
with spruce or Douglas fir. 

On the other hand we have the poorly insolated sites, commonly 
described as “cool and moist,’* which are subject to comparatively slow 
and wide seasonal changes in their moisture conditions. 

Spruce seedlings on account of their growth habit are able early in 
the season to penetrate the layer of loose organic matter which is in 
many seasons thoroughly wet only after snow melting. The small seeds 
germinate at a lower temperature than those of other species. There- 
after the roots show little stimulation to further growth. Even the 
dryness of the fall period does not appreciably stimulate root growth in 
the new seedlings, and it is believed that this is clear evidence of the 
ability of the species to extract water from the soil at a low degree of 
availability. Possibly because of their generally higher organization, 
spruce seedlings even prefer a low moisture content which results in 
greater concentration of the soil nutrients. In such a situation Douglas 
fir has no theoretical advantage over spruce except in case of a drought 
so prolonged ‘as completely to dry out the soil layer in which the spruce 
roots are found, lien the deeper rooting of the fir should, apparently, 
count in its favor. But in the established forest this can hardly be a 
material advantage, considering the evenness and depth of the drying 
where the soil is well occupied by older roots. 

The situation with regard to lodgepole is very different from that of 
our other forest trees, and the writer takes from the evidence ^e liberty 
of suggesting either that it is just approaching the physiological status 
of a full-fledged tree or that it is such a recent mi^ant to the Rocky 
Mountain region as to have failed by far to adapt its mode of growth 
to the poor moisture conditions usually found where its heat require- 
ments arc best satisfied. Some of the evidence on the latter point has 
been presented by the writer. (j). Clements (g) has classed lodgepole 
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as even more intolerant of shade than yellow pine, and a fairly low 
photosynthetic efficiency is clearly indicated in this paper. Yet, while 
evidently demanding a great deal of light as well as moisture during 
the growing period, it shows no such habit as that possessed by yellow 
pine, of prompt germination or deep rooting. It is evident, ther^ore, 
that it is adapted only to sites with a steady supply of moisture and de- 
mands more than can usually be supplied by either of the contrasting 
situations which have been described. It is probably for this reason that 
it reproduces readily only where competition is decidedly lacking, ad- 
heres to the higher elevations where moisture is more abundant but 
where its growth rate is surprisingly slow, and has not penetrated to the 
south where there is a very sharp contrast between the summer rainy 
period and the clear, dry weather of autumn. In its range there is, to 
be sure, a generally steady decrease in the precipitation from May or 
June onward, but this is usually so gradual as to permit a great degree 
of adjustment. 

CONCLUSION 

In concluding this paper, it may be said that certain physiological 
relationships between the species which are of great importance, espe- 
cially for a proper understanding of forest growth, have been brought 
out and tentatively established by approach from several angles, but 
that, from the standpoint of natural reproduction and in relation to all 
questions of natural distribution of the species, these relative physio- 
logical qualities are not shown to be more controlling than some adapta- 
tions of form and characteristics of behavior which may be adequately 
described only by the word habit.** Technical forestry or silviculture 
might be said to be based on the venerable concept that the several 
species of the forest vary in their demands for light or their tolerance 
of shade. This concept is not only not altered by the present results 
but is confirmed, and the relation of the photosynthetic capacity of a 
given species to its hfeat and moisture requirements is made much more 
clear and definite than it has appeared heretofore. Spruce is shown to be 
the most efficient of the species considered, not only because of its high 
photo.synthetic capacity, but also because when this capacity is exercised 
the species automatically becomes economical in its use (by transpira- 
tion) of water and at least in this sense has low moisture requirements. 
At the same time it may be rendered sensitive to excessive temperatures. 
On the contrary, yellow pine, commonly thought of as very drought 
resistant, is found to require much light and heat and, with these, to 
use comparatively large amounts of water per tree of given size. Of 
course, the facts fit more closely with preconceived ideas when spruce 
stands are compared with pine stands, the much smaller number of in- 
dividuals in the pine stand not only compensating for the high individ- 
ual water use but being a most vital concomitant of this individual 
requirement. In other words, with the low moisture supply com- 
monly available in the low elevations and warm situations (which alone 
insure proper development of the pine) , wide root spread and an open 
stand are vitally necessary to insure the water supply of the individual 
tree. The practical importance of this fact in forest management should 
be very clear. 

It will be seen, then, that these physiological relations principally 
clarify our conceptions of growth. Spruce is a better grower, a mox;e 
efficient mechanism for growth, than Douglas iir, and fir more efficient 
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than pine. In forest planting, where use is made of trees which have 
been carefully nurtured beyond the stage of greatest susceptibility to 
heat and drought injury, this difference in the efficiency of our species, 
particularly the more effective use of water by spruce and fir, may be 
advantageously employed, the ranges of these species being artificially 
extended downward, without any injurious effects, while by natural 
reproduction such extension would be completely prohibited or would 
be very slow. With even greater care the economic loss resulting from 
the planting of any species in a situation too high or too cool, or in stands 
too dense for its proper development, must be avoided. 

In short, when it is consider^ that any cutting of a forest, by admitting 
more light and creating higher temperatures in the surface soil and more 
rapid fluctuations of the moisture on which young seedlings are depend- 
ent, tends to encourage a species more “hardy” but of a lower order 
of development than the one which dominates the stand (not necessarily 
of lower technical value), it is not difficult to see that all forest management 
hinges on these relative physiological properties for which we have been 
groping. Finally, it may be said that all of the physiological relations 
are embodied in the now rather general conclusion of foresters that the 
highest returns can be had from forestry only when cutting is followed 
by planting. 

This brings us to the original object of the present study, which has 
been to explain the existing natural forest types, to explain the distribu- 
tion of the species. As has been pointed out, natural distribution is 
plainly influenced at present by habits and adaptations which have 
developed in each species and which to a considerable extent compensate 
or balance the more deeply embedded physiological qualities. Without 
again going into the details that have been brought out, we may illus- 
trate to show how these developments affect natural distribution. In 
figure 5 an attempt is made to show the influence of these developments 
on distribution, in a broad way. It has been indicated that spruce 
may be very sensitive to high temperatures, but especially so at a very 
early age when the seedling is small and tender. In consequence of this 
weakness, which is a result of its most fundamental organic character, 
probably for ages no spruce seedling has been able to develop at a low 
elevation or on a very well-insolat^ site at a middle elevation. Such 
sites as are suitable in respect to insolation and heat must show almost 
invariably quite even moisture conditions and usually soils characterized 
by a surface layer of litter and humus. Consequently spruce has de- 
veloped a rooting habit suited to these moisture and soil conditions— a 
relatively slow and feeble rooting habit which does not suffice for quick 
establishment under any other conditions. As a further consequence, 
spruce has evolved very small seeds, there being no need for large, sturdy 
seedlings or for deep rooting before the seedling may itself manufacture 
food. It is seen, then, without enumerating any other similar develop- 
ments, that the species would have great difficulty in extending naturally 
to any sites other than the cool and moist ones on which it is com- 
monly found. The common conception has been in error only to the ex- 
tent of assuming that the essential feature of such sites is a large moisture 
supply. It is now fairly evident that the individual spruce tree does not 
require a large moisture supply even though this may insure the full- 
est development of the stand and, in view of this fact, that spruce 
may be used in planting where the moisture supply is relatively low. 

30616—28 5 
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Fic. 5.*~A, Theoretical zonatlon and relative heat requirements on the basis of photosyntbctic capacity. 
B, Actual conation and relative dominance as influenced by adaptations of roots and foiktfC* 
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It is to be hoped that this distinction between the temporary qualities 
of seedlings which acutely influence natural reproduction and extension 
of ranges and the more fundamental qualities of the species which later 
control growth reactions and economic values may be clearly held in 
mind, since it becomes increasingly apparent as time goes on that the 
factors controlling reproduction must be considered as almost independ- 
ent of those controlling later growth. 

In a succeeding paper on this subject it is hoped principally to show 
to what extent the environmental conditions of the diflFerent forest types 
differ and, in the light of what we have so far seen, to weigh carefully 
the importance of each condition so that those conditions which are 
really essential to the success of a given species may be clearly under- 
stood. The practical application of these facts in forest management 
may then be shown, it is hoped, in more definite terms. 
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A. — Tree No. i, yellow pine, X917. 

B. — Tree No. 4, Douglas fir, 1917. 
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PLATE a 

A. — Tree No. $, lodgepole pine, 1917. 

B. — Tree No. 8, Engeimann spruce, 1917. 



PLATE 3 

A, — ^Trec No. xo, limber pine, 1917. 

B. — Tree No. zz, bristlecone pine, 19x7. 
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PIRATE 4 

A. — Earge spruce, No. xi, in 1920 transpiration test. 

B. — Smul spruces in Pot 9, 1920. 



PLATE 5 

A. — Arizona yellow pine. Pot 15, 1920. 

B. — Montana yellow pine, Pot r8, 1920 
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PLATE 6 

A. — Vigorous limber pine. Pot i6, 1930. Water requirement 773 units. 

B. — Sluggish Umber pine, Pot ax, 1920. Water requirement 4.785 units. 



PLATE 7 

A. — ^Asymnaetrical development of yellow pine» probably resulting from repeated 
winterkilling of limbs on the west side, (Looking south.) July a, 1916. 

B. — Relattve root developments in moist sandy soil of seedlings 30 days after sowing. 







A STUDY OF THE INTERNAL BROWNING OF THE 
YELLOW NEWTOWN APPLE* 

By A. J. WiNKLBR 

AssociaU in Viticulture, formerly James Rosenberg Memorial Scholar in Agriculture, 
California Agricultural Experiment Station 

INTRODUCTION 

As a result of the heavy losses of Pajaro Valley apples during the 
early development of cold storage practices in California, considerable 
effort by the Bureau of Plant Industry of the Utiited States Depart- 
ment of Agriculture has been directed toward determining the cause 
of this trouble and toward devising methods of overcoming it. In 1910 
Stubenrauch (r6)* indicated a relation between the browning and the 
temperature of storage, lower temperatures favoring its development. 
In the report of this bureau for 1920 (j) it was stated that there was 
no relation between the acidity of the fruit and the trouble and that 
as yet no definite cause could be assigned for this disease. 

OBJECTS OF THE INVESTIGATION 

The present investigation is an attempt to determine the cause of 
internal browning, with special reference to (i) field conditions which 
are responsible for the susceptibility of the fruit and (2) the internal 
and external factors which are immediately responsible for its develop- 
ment in storage. 

DESCRIPTION OF INTERNAL BROWNING 

Internal browning as it occurs in the Yellow Newtown apple is a 
nonparasitic storage disease of the large isodiametric cells of the pulp. 
In apples stored immediately, regardless of the time of harvest, at 
— 1,1® and o® C. the browning generally becomes noticeable during 
the latter part of December, while in apples stored at higher tempera- 
tures its first appearance is proportionately later. The writer has not 
observed its occurrence in apples kept at temperatures of 8.3® or above. 

In a cross-sectional view of the apple, the disease is first detectable 
in more or less elongated areas radiating outward from the central 
portion of the apple in the region opposite the basal end of the carpels. 
By cutting the apple in various planes it is apparent that the areas 
first browned lie adjacent to and radiating outward from the primary 
vascular bundles. 

As the browning becomes more severe, it spreads most rapidly in 
the region of the secondary vascular bundles. In many specimens it 
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advances far toward the calyx end of the apples in this region before 
it penetrates more than several millimeters into the pulp laterally near 
the initial point of browning. Although the browning seems to be 
confined to the region immediately adjacent to the vascular system 
in its most rapid penetration of the apple tissue, the bundles them- 
selves are slow to show the browning. The large cells adjacent to the 
bundles are the first to become discolored. Later the small cells bor- 
dering on the bundles are affected, and finally in the advanced stages 
of the disease the bundles themselves become brown. In its advanced 
stages the disease may spread to all portions of the pulp, constituting 
a condition comparable to the usual type of storage breakdown. In 
the latter condition, however, the broMnaing begins at the calyx end 
of the apple, involving all of the tissue in its spread, and is accompanied 
by softening of the affected region. 

It often happens that in the very advanced stages the browning 
spreads into the small thick- walled cells of the epidermis, thus giving the 
fruit an appearance of being scalded. In its less advanced condition, 
the disease, however, is detectable only by cutting into the fruit, the 
skin retaining its natural color and luster and the flesh remaining firm. 

METHODS AND PLAN 

The storage phases of this problem were carried out in a cold-storage 
plant consisting of six rooms and two large insulated boxes, making 
available the following temperatures: o°, 2.2°, 5°, 8.3°, and 13.9° C. 
The temperatures were maintained within ±1°, with the exception of 
the highest temperature, which varied from 12® to 14®. The humidity 
was practically constant in the different rooms, never varying more than 
3 to 4 per cent. 

The fruit was obteined from the Rogers Bros.^ orchards, which are 
located about i mile east of Watsonville, Calif. The apples were packed 
and labeled under the respective trees from which they were picked. 
The fruit was not sorted, but represented tree-run apples, with the excep- 
tion of the third picking in 1919, which was made up of grade “ B '' apples. 
The boxed apples were then expressed to Berkeley. 

Three pickings were made each season. The earliest seasonal picking, 
1 5 lots, was made just as the regular picking season was beginning. The 
second seasonal picking, a similar number of lots, came at about the 
middle of the normal picking season. The third picking was delayed 
until the close of the harvesting season. In each case a “ lot ’* represented 
the fruit from a single tree. 

The first two pickings for both seasons were stored the third or fourth 
day after picking. The storage of the last picking, however, was delayed 
approximately three weeks eadi season due to the slow shipment. 

After arriving at the storage plant, the lots were divided into the 
required number of sublots for the several individual experiments. The 
sublots of approximately 80 specimens each, unless stated otherwise in 
connection with the separate tests, wwe stored in apple boxes. Sufficient 
space was always maintained between the box^ for normal ventilatcm. 
Not only were apples of the same lot used in each experiment and in ^e 
control, but the apples of each test were placed under as nearly identkal 
conditions as possible. 

« The writer it greatly (rt>Uged to Meseni. C. J. Rogers and Marion Rogers for their interest and hearty 
cot^eratioo fas the work 
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As internal browning affects the ffesh of the fruit, it was necessary to 
cut the apples in order to make observations upon ^eir condition. The 
apples were cut perpendicularly to the axis of the core in a plane which 
{hissed approxiimtely through the junction of the carpels with the stem. 
By cutting in this plane the l^owning was always detected, if present. 

Observations upon the browning were made at monthly intervals 
beginning with February 2 for the 1919-20 season and with January 8 
for the season of 1920-21. Twenty specimens from every sublot were 
cut at each of the four seasonal cuttings. By cutting several hundred 
apples on numerous occasions it was found that the error of observation 
in cutting only 20 specimens ranged from 2 to 5 per cent. When the 
results for the four seasonal cuttings were averaged, this error was 
reduced to i to 2 per cent. In recording the observations the following 
terms were used to designate the degree of browning: 

1. Normai<. — No browning apparent to the unaided eye; less than o.i 
per cent of cells affected. (PI. i, A.) 

2. Trace browning. — ^Browning recognizable in the torus but not of 
sufficient intensity to lessen the market quality; o.i to 0.6 per cent of 
cells affected. (PI. i, B.) 

3. Slight browning. — ^Browning in a sufficient degree of intensity to 
lessen the market quality of the fruit but not to such a degree as to make 
the apples objectionable for culinary purposes; 0.6 to 10 per cent of cells 
affected. (PI. i, C.) 

4. Moderate browning. — Browning of such an intensity as to render 
the apples unsuitable for ordinary culinary purposes. At this stage of 
browning the tissue was more generally discolored throughout the torus, 
from 10 to 30 per cent of the cells being brown. (PI. i, D.) 

5. Severe browning. — ^This term refers to a de^ee of browning 
which upon cutting gave the apples an appearance of being rotten within. 
In these apples the structure of the tissue exhibited a marked degree of 
disintegration in all portions of the specimen; 30 per cent or more of the 
cells affected. (PI. i, E.) 

PRESENTATION OF DATA 

RELATIVE DEGREE OF INTERNAL BROWNING EXHIBITED BY YELLOW 
NEWTOWN APPLES GROWN IN THE PAJARO VALLEY AND ELSEWHERE 

During this study apples were also obtained from other localities in 
California and from important districts in other States where this variety 
is successfully grown to determine whether or not the browning was 
confined solely to apples grown in this valley. All of the fruit was 
shipped to Berkeley by express and was then stored at o® C. under the 
same conditions as the fruit from the Pajaro Valley. 

The figures obtained in these tests indicate that Yellow Newtown 
apples generally are more or less susceptible to internal browning. The 
disease in apples from points other th^ the Pajaro Valley, however, has 
not been sufficiently severe to render it an economic problem. 

The fact that all the apples showed browning would ^em to indicate 
that dither something peculiar to the variety makes it susceptible to 
browning or that the trouble lies in the regions in which it is at present 
most extensiv^y grown. Both of these conditions appear to be more or 
less responsible for the browning. The fact that other varieties of apples 
grown in the same districts, with the exception of the Pajaro Valley, 
are immune to this disease would at least suggest that the Yellow New- 
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town exhibits a varietal characteristic of susceptibility to internal 
browxung. 

The effect of the region in which the fruit b grown upcm its suscepti- 
bility to bwrowning is indicated by the fact that several varieties of apples 
such as the Yellow Bellflower and the Red Pearmatn, which normally 
show no tendency to brown, are susceptible to thb disease when grown 
in the Pajaro Valley. These varieties do not brown when grown in any 
of the other Yellow Newtown dbtricts. Furthermore, the Yellow New- 
town, when grown in this valley is much more susceptible to internal 
browning than when grown ebewhere. The climatic conditions of the 
Pajaro Valley, therefore, seem to exert an influence upon the develop- 
ment of apples which has not been shown to occur elsewhere and which 
renders them susceptible to this disease. 

relation or time of harvesting to internal browning 

The importance of the time of harvesting of the fruit in the control of 
nonparasitic diseases of the apples has been stressed by Powell and 
Fulton (jj). Brooks, Cooley, and Fisher (4, 5, 6 ), and o&iers. Corre- 
spondence with cold-storage managers showed that some of them believe 
that internal browning is, at legist in part, the result of picking the apples 
too green. The riper apples which have a higher sugar content, according 
to these men, are more resistant to browning. 

An investigation of the effect of the time of harvesting upon internal 
browning was started in the season of 1919-20. Three pickings of 
fruit were made for both this and the 1920-21 seasons. The fruit of the 
first picking was “hard green “ in maturity and of a solid green color; 
that of the second picking was “firm green “ and signs of the yellow color 
were becoming evident ; while the fruit of the last picking was “ overripe “ 
for harvesting and showed a considerable amount of yellow over the 
entire surface. The fruits for each lot were picked from all portions 
of the same trees at each of the pickings and were then stored under 
identical conditions at 0° and 2.2° C. The effect of the time of harvest- 
ing upon the severity and rate of browning are shown in Tables I and II. 

The figures of Table I indicate that the later-picked fruit browned 
much more severely in every test. In the case of the apples stored at 
2.2® C. during the season 1919-20, the actual figures in the table show 
little difference in the amount of browning. When the difference in the 
storage dates is taken into account, however, a considerable difference 
in favor of the earlier pickings becomes apparent. In the other cases the 
relation of time of harvest to the browning is obvious. 

The ggures of Table II indicate that the fruit of the last picking browned 
two and one-half times as rapidly as that of the second picking and the 
fruit of the second picking browned one and one-half times as rapidly 
as that picked at the beginning of the harvest season. 

The sugar content of the fruit picked at the time of han^t September 
26, October i6, and November 6 was 9.4, 10, and 11.4 per cent, respec- 
tively, which appears to indicate that a higher sugar content favors 
browning. By analyzing a large number of samples, however, it was 
shown that the sugar content aoes not influence the resistance or sus- 
ceptibility of the fruit to browning. It mi^t also be expected that ^e 
change in acidity of the fruit of the later picking, due to its more mature 
condition, and the subsequent prolonged storage would affect its resistance 
to browning. This was found not to be true. Although the titrable 
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acidity decreased with maturity and subsequent storage, the active 
acidity as indicated by the Ph value of the expressed juice remained 
practically constant. This possibly accounts for the fact that the 
decrease in totsfl acidity does not influence the resistance of the fruit to 
browning. 

TablS I. — Relation of time of harvesting of the fruit to internal browning 


SEASON or 1919-20 





1 Q>ndition of fruit at end of storage period, approxi- 

Stotmce temperature 

Date oi 
picking 

Date of 
storage 


mately Apr. 

Z. 


Normal 

I 

Trace. 

Blight. 

Moderate. 

Severe, 




•c. 



Per cent. 

Per cent 

Per cent 

Per cent 

Per cent. 


Sept. 28 

Oct 2 

45 

50 

5 

1 0 

0 


Oct. 18 

22 

50 i 

45 

5 

0 

0 

2.2 

Nov. 22 

Dec. 8 

45 

45 

10 

0 

0 

0 

Sept. 28 

Oct. 2 

40 

20 

IC 

^5 

10 



0 

Oct. 18 

22 

20 

45 

20 

10 

5 

0 

Nov. 22 

Dec. 8 

IS 

35 

20 

10 

20 


SEASON OP 1920-21 


2.2 

Sept, a? 

Sept. 

30 

75 

10 

5 

10 

0 

2.2 

Oct. 16 

Oct. 

19 

60 

35 

5 

0 

0 

2.2 

Nov. 6 

Nov 

26 

5 

45 

30 

20 

0 

0. , . 

Sept, 27 

Sept. 

30 

30 

40 

20 

10 

0 

0 

Oct. 16 

Oct. 

19 

20 

45 

35 

ZO 

0 

0 . . . . 1 

Nov. 6 j 

Nov. 

26 

0 

30 

45 

as 

0 


Table II. — The relation of time of harvesting of the fruit to the rate of development of 

browning 


Storage temperature 

Date of 
picking. 

Condition of fruit 

Weeks in 
storage. 

Market* 

able.^ 

Unmatket* 

able. 

*C 

0 

0 

Sept 26 
Oct. 16 i 
Nov. 6 

Hard green 

Firm p;reen 

Ovempe 

20 

15 

6 

Per cent. 
60 
60 
60 

Per cent. 
40 
40 
40 


^ Marketable fruit includes both noixnal and trace browned specimens. 


EFFECT OF TEMPERATURE UPON INTERNAL BROWNING 
STORAGE TEMPERATURE 

At the time apple storage was introduced in California, investigations 
by Powell and Fulton (jj) had brought the cold-storage men to the 
general belief that all apples could be stored most successfully at— 5/9® 
to o® C. It was soon found, however, that great losses were incurred 
through ibt deterioration of Yellow Newtown apples of the Pajaro Valley 
at these temperatures. As a result of these losses investigations {i6) 
were undertaken which brought about the storage of all the Pajaro Valley 
apples at 

80616 — 28-— 6 
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At the University of California, where apples of the Pajaro Valley have 
been stored at o®, and 2.2° C. since 1916, it has been found that 

considerable browning occurs after the first of February, even in the fruit 
stored at 2.2®. Aside from the browning, however, these apples keep 
satisfactorily. It was, therefore, thought advisable to store apples at 
various temperatures above 2.2® in order to determine (i) the lowest 
temperature at which internal browning will not develop during the 
normal storage period and (2) whether or not the temperature which is 
sufficiently high to prevent internal browning is also sufficiently low for 
practical storage purposes. 

During the season of 1919-20 the only other temperature available 
above 2.2® C. was that of room temperature. However, in 1920-21 
apples were stored at 5®, 8.3°, 13.9^ and 21® in addition to the 
usual temperatures used for these apples. In the 191^20 season 15 
lots of the second picking were used in these tests, while in 1920-21 two 
lots of fruit from the same two trees for each of the first two pickings 
were used. Since all the apples browned in relatively the same propor- 
tions at each of the temperatures, only the averages for the second pick- 
ing are given in Table III. 

Tabib III . — Effect of storage temperature upon internal browning 
SBason 1919-20 



Condition of fruit after 4 months' storage 

Storage temperature. 

Nor- 

mal. 

Trace. 

Slight. 

Mod- 

erate. 

Severe 

•c. 

— 1. I 0 

Per 

cent. 

15 

15 

40 

TOO 

Per 

cent- 

60 

Per 

cent. 

20 

Per 

cent. 

5 

15 

0 

Per 

cent. 

0 


35 

55 

0 

30 

5 

e 

2.2 

3 

0 

31 

0 

0 

0 







SEASON OP 1920-21 


.5 

35 1 

25 

20 

5 

40 

35 1 

20 

5 

0 

95 

s 1 

0 

0 

0 

100 

0 ' 

0 

0 

0 

100 

® i 

® 1 

0 

0 

100 

0 1 

1 

0 

0 

0 


-I. 1 . 

2.2. . . 

8.3.. . 

13-9 • 
21 


o There was considerable freezing at -z i*C. in the early part of the storage season, which retarded the 
browning. 


The figures of Table III show a definite relation between the amount of 
browning and the temperature of storage. The effect on browning of 
only a few degrees change in temperature is very striking. At 0° C., 
for instance, in the 1920-21 season, only 15 per cent of the fruit remained 
normal, while at 2.2® 40 per cent was normal, and at 5® 95 per cent of tl^ 
fruit was normal. Browning did not occur in any of the fruit stored at 
a temperature of 8.3® or above. 

It becomes manifest, therefore, that internal browning does not occur 
at a temperature a few degrees above that used in the commercial storage 
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of apples. Furthermore, the Yellow Newtown is known to be one of the 
best keeping apples, and it may be held quite satisfactorily in basement 
storage until May if well-matured, sound fruit is used. Thus it appears 
that where prompt storage under uniform conditions is possible the 
fruit can safely be held at temperatures sufficiently high to prevent 
browning without other forms of deterioration developing. In com- 
mercial practice, however, it would probably not be expedient to store 
apples above 5° C. It would, nevertheless, be advisable to store these 
apples at or just below this temperature. 

The browning was not only increased in severity as the temperatme 
decreased below 5° C. (as shown by the figures in Table III) but its 
development was also more rapid. This relation of temperature of 
storage, with the time of initial appearance and the subsequent develop- 
ment of the browning, is illustrated by the graphs in figure i. 



60 PV SO SO POO //O /^0 /SO /W /SO /oo 

/>^y:s /// 

Pio. z. '—Effect of temperature upon the rate of development of internal browning. 

ORCHARD TEMPERATURE 

In the early investigations upon internal browning, letters, in the form 
of questionnaires, were sent to the leading fruit men of the Pajaro Valley. 
In reply to the question asking when the browning was most prevalent, 
many of the fruit growers attributed its occurrence to the cold, foggy 
weather which characterizes this valley during the latter part of July and 
the early part of August, just at the time the fruit is growing most rapidly. 

Wi^ this observation as a basis, experiments were start^ in the spring 
of 1920 to determine the effect of orchard temperature and fog upon 
internal browning. During the first week of May, 1920, a tent of black 
cambric cloth was erected over a single average tree which bore a normal 
set of fruit. The sides of the tent came within about 8 feet of the ground. 
Thus, all the bran<^es with fruit were shaded continuously. At the same 
time the tmt was erected, 100 individual apples on an adjacent tree were 
placed in black doth bags. A similar number of apples on adjoining 
trees were placed in black bags on the first of June and July, respectively. 
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Owing to the lack of necessary equipment, it was impossible to measure 
the exact effect of the tent and black bags upon the light intensity. 
Nevertheless, it is thought that the light exclusion as such is negligible, 
since it had little or no effect upon the amount of browning as shown by 
the figures of Table V. The number of foggy days might, of course, 
exert an indirect ^ect by influencing the temperature. 

The effect of the tent and black Img upon the temperature, however, 
was very striking. The mean daily temperature at the core of the bagged 
fruit, as indicate by self-recording thermometers, was from 2.5° to 5.5° C. 
higher than that of apples normsdly exposed. In the case of the tented 
tree, a lower mean temperature was maintained by the shading and lack 
of free circulation of the air. Here the temperature, as recorded by 
accurately regulated thermograph instruments, was found to be from 2® 
to 4.5® lower than that for a similar position in an adjacent untented tree. 

The fruit from the tented tree, the bagged and the normally exposed 
fruit from the same trees, and fruit from two adjacent trees for control 
were harvested at the first pickings of the 1920-21 season. All the lots 
and controls were stored under identical conditions at o® C. The results 
of these experiments are given in Table IV. As the fruit of the two 
pickings behaved similarly, only the averages are given in the table. 


Table IV . — Effect of orchard temperature upon internal browning 


Treatment 


Fruit placed in black bags where temperature of 
apples was approximatdy 4° C, above that of 

fruit in open 

Fruit normally exposed 

Fruit from under tent where temperature was 
about 3.5° C. below that in open 


Condition of fruit at end of storage 
period, Apr. x. 


Nor- 

mal 

Trace 

Shght 

Mod- 

erate. 

Severe. 

Per 

Per 

Per 

Per 

Per 

cent. 

cent. 

cent. 

cent- 

cent- 

95 

5 

0 

0 

0 

30 

35 

*5 

10 

0 

5 

15 

40 

35 

5 


The figures of Table IV show a very definite relationship between the 
orchard temperature and internal browning. A daily mean temperature 
of 4® C. above the normal temperature of the orchard practically pre- 
vented the browning, while a mean temperature of 3.5® bdow the nor- 
mal mean orchard temperature greatly increased the amount of brown- 
ing over that which occurred in the normally grown fruit. 

This relation between orchard temperature and the amount of brown- 
ing becomes more impressive when the temperature records of this 
vadley are compared, for the years of severe and of moderate or no 
browning for this re^on, with the temperature records of other dis- 
tricts where this variety of apple grows satisfactorily and where the 
browning is not a problem. Ine graphs in figure 2 represent the mean 
temperature for June, July, August, and ^ptember for the Pajaro 
Valley, Calif. ; Albemarle County, Va. ; and Ro|^e River Valley, Oteg. 
li the record for the Pajaro Valley is considered, it will be seen that m 
1908 and 1914, years in which very heavy losses through internal brown* 
ing occurred, the mean temperature for ^ese four months was very low, 
For X909, 1910, 1915, and 19x6, when the mean temperature for these 
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growing months was nearly normal, the severity of the browning was 
less. In 1912, 1913, 1917, and 1918, years of higher mean temperature 
for the months of rapid growth, there was no browning in the commercial 
stora|[e plants. Comparing the temperature records of the Pajaro Val, 
ley with those of Rogue River Valley, Oreg., and Albemarle County, Va.- 
it is found that these regions have a mean temperature of 2.8® and 6.2® 
C. higher, respectively, Sian that of the Pajaro Valley. 

Results which further confirm this relation of orchard temperature to 
the browning were obtained by collecting fruit from well-exposed and 
from shaded portions of the tree. Two lots of fruit were collected from 
the upper southwest periphery of two trees where the fruit received the 
maximum effect of the sun*s rays, while two other lots were picked from 
the lower north, shaded portion of the same trees where the fruit was 
continuously in the shade. These lots were stored side by side at o® C. 
The results of this experiment are given in Table V. 



Table V. — Effect of exposure of the fruit on the tree upon internal browning 



1 

Condition of fruit at end of storatfc period. 

Location of fruit on tree. 

Nor- 

mal 

Trace. 

1 Slight 

Mod- 

erate 

Severe. 

Well exposed, on upper southwest periphery of the 

tree; . 

Per 

cent 

35 

15 

Per 

cent 

55 

50 

Per 

vent. 

10 

Per 

cent 

0 

Per 

cent 

0 

Shaded, on lower north side of the tree 

25 

10 ' 

0 


These figures show that the quantity of normal fruit from the well- 
exposed portions was 20 per cent greater than that obtained from ^e 
shaded portions of the same trees. While no records were taken with 
regard to the temperature of the fruit at the different exposures, it is safe 
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to assume that the mean daily temperature of the well-exposed fruit 
was somewhat higher than that from the shaded side of the tree. 

Further evidence which seems to show the definite relation of low 
orchard temperature to the development of internal browning m this 
variety of apple is brought out in the results obtained from the fruit 
received from New York State. One lot of fruit was obtained from the 
Cornell Agricultural Experiment Station, where the mean summer tem- 
perature is only slightly more than i° C. above that of the Pajaro Valley 
and where cloudy or rainy weather frequently prevails during the grow- 
ing season. The other lot was obtained from northern part of Dutchess 
County, N. Y., where the mean summer temperature is approximately 
3.2° higher than that of the Pajaro Valley and where, as a rule, there is 
an absence of cloudy or rainy weather during the growing season. After 
express shipment to Berkeley, Calif., these lots were stored under id^tical 
conditions at o®. The figures in Table VI give the results of this test. 

Table VI. — Effect of orchard temperatures upon the susceptibility of New York Yellow 
Newtown apples to internal browning 


Source of the fruit 


Cornell Agricultural Experiment Station, 

N Y 

Dutcliess County, N. Y 


Weeks 


storase 


14 

13 


Condition of fruit at end of storage period. 


Nor- 

mal. 


Per 

ccrU. 

5 

100 


TriM.-* ^ Slight. I 


Per Per 
cent, ! cent. 

50 ; 15 

o ! o 


Per 

cent 

o 

o 


Per 

cent. 


The quantity of normal fruit obtained from Dutchess County was 95 
per cent greater than that from the Cornell Station. This points very 
strongly to the fact that orchard temperature during the season of rapid 
growth is an important factor in the development of fruit which is sus- 
ceptible or resistant to internal browning. 

The results obtained on the eifect of orchard temperature upon the 
subsequent susceptibility of the fruit to browning point to^the possi- 
bility that the mean temperature for the growing season in the Pajaro 
Valley hovers around the lower limit for the normal development of 
this variety of apple. 

RBI.ATION OF ESSENTIAL OILS TO INTERNAL BROWNING 

Before taking up a discussion of the data with regard to the relation 
of essential oils to internal browning, a few references will be made to 
previous work on the effect of essential oils and allied substances upon 
the cell. 

Dixon and Atkins (<?) have shown that anaesthetics increase the per- 
meability of the plasma membrane, for the cell sap is readily expressed 
after their application. When applied for this purpose, however, the 
anaesthetics were toxic and their effect irreversible. Since a distinctive 
mark of an anaesthetic is the reversibility of its action, Osterhout (12) 
made measurements upon tissues to determine whether the increase in 
permeability, usually observed to follow their application, b due to tiie 
anaesthetics or to toxins. He concludes that the anaesthetics {Ex>duce 
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a decrease in the penneability which is reversible and the subsequent 
increase in permeability is due to the accumulation of toxic substances as 
a result of the action of the anaesthetics. In 1910 Armstrong {z) and 
his co-workers showed that, under the influence of anaesthetics and certain 
other substances which they called hormones, reactions occur in the cells 
which indicate that the enzyms and thdr substrates were brought into 
contact. Among the results of this mixing of the enzyms and substrates, 
as observed by these workers, was an oxidation which resulted in pig- 
mentation. These workers also state that these phenomena are cons- 
tantly taking place in the plant but that under normal conditions their 
products are passed off before they become injurious. Under abnormal 
conditions, however, they may accumulate in sufficient amount to 
greatly hinder the activities of the tissues and eventually to cause the 
death of the cells. Giglioli (9) found that essential oils markedly influence 
the movements of water, enzyms, and soluble substance through the 
cell membrane. Later, Giglioli (10) also demonstrated that the enz3ms 
could be removed from yeast cells by rendering them permeable with 
essential oils. 

During the past year Power and Chestnut {14) have isolated the 
essential oils of the apple. They have shown conclusively that essential 
oils are being produced continuously by the apple in sufi&cient quantities 
to be detected. In 1919 Brooks, Cooley, and Fisher (5, 6, 7) found that 
apple-scald, a nonparasitic storage disease which is generally confined 
to the surface of the fruit, was apparently due to volatile substances 
which are produced by the fruit when held for some time under the more 
or less abnormal conditions of storage. In substantiating this contention, 
they present data which show that the disease is reduced to a minimum 
by removing these volatile substances from the fruit by air circulation 
or by storing the fruit in wax or oil wrappers that are known to be good 
absorbents of essential oils. 

After making observations upon the appearance of the fruit in internal 
browning and in advanced stages of apple-scald, the writer became 
convinced from the firmness of the tissue and the way in which these 
diseases spread into the flesh of the fruit that there is a similarity between 
these two storage diseases. Histological examinations of affected 
tissues further emphasized the analogy which exists between these diseases. 
For the histological studies, sections of the apple torus were cut by means 
of a freezing microtome. The sections were dropped directly from the 
razor into acidified absolute alcohol which fixed them and prevented any 
additional browning. They were then passed through xylol and mounted 
in Canada balsam without staining. The examination of a large number 
of cells brought out a very striking similarity between browning and scald 
in the progress of the discoloration in the tissues as well as in the individual 
cell. In the tissue there was no regularity in the spread of the disease from 
one cell to the other, since isolated cells showing browning were always 
found to be scattered among the normal cells near the regions of scald 
or browning. In riie cells in which the progress of the browning could 
be followed it was found to be identical in the two diseases. The brown- 
ing started at the periphery of the cell and from there spread to all parts 
of the cell along fiie more concentrated strands or areas of c5rtoplasm. 
The discoloration was, as a rule, more intense in the region of the nucleus 
which is near the suiface in the apple cells. Plasmolysis accompanies 
the advanced stages in browning, until, in the very severe stages, the 
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protoplast occupies only a small fraction of the cell. The cell wall 
remains unchanged. As a result of this apparent similarity between 
these diseases the writer carried out experiments upon the control of 
internal browning which had proved effective in reducing the amount of 
apple-scald. 

AIR MOVEMENT AS A PREVENTIVE OP INTERNAL BROWNING 

Two sublots of apples of the 1919 and 1920 seasons were stored in 
slat boxes, one box being wrapped in the ordinary manner while the 
other was stored without wrapping. These apples were then ventilated 
by a fan for 10 to 20 minutes twice each week. In the season of 1920-2 1 , 
apples were also placed in sealed containers which were fitted with tubes 
for pulling air through with a filter pump. Thirty-three apples of the 
same lot were placed in each container, while a similar number in ordinary 
storage served as a control. The results of these experiments are given 
in Table VII. 


Table VII — Effect of air movement upon the development of interna! browning 


Treatmeut 


Apples in common storage 

Apples in slat box, wrapped, ven- 
tilated 10 to 20 minutes twice 

each week 

Apples in slat box, not wrapped, 
ventilated 10 to 20 minutes 

twice each week 

Apples wrapped but not venti- 
lated with filter pump ‘ 

Apples wrapped, air drawn 
through slowly with filter 

pump ^ 

Apples not wrapped, air drawn 
through slowly with filter 
pump * 






— 


— 

1 


Condition of fruit at end of storage period 


Storage 






Season 

temper- 

atures 

Nor- 

mal 

Trace 

Slight 

Modcr- 

.t. 

Severe. 



Per 

Per 

Per 

Per 

Per 


"C 

ient 

cent 

cent 

cent 

cent 

1919-20 

2. 2 

35 

60 

5 

0 

0 

\ 1920-2 I 

0 

5 

75 

'5 

5 

0 

1910-20 

2. 2 

45 

50 

5 

0 

0 

1920-21 

0 

60 

40 

0 

0 

0 

1919-20 

2. 2 

100 

0 

0 

0 

0 

1920-21 

0 

75 

25 

0 

0 

0 

1920-21 

0 

0 

5 

I 

50 

35 

I920-2X 

0 

70 

25 

5 

0 

0 

1920-21 

0 

70 

30 

1 

0 

1 

0 

0 


* Apples sealed in cans with arrangement for slow renewal of air 


The figures of Table VII indicate that where ventilation was employed 
there was a great decrease in the amount of fruit that exhibit^ the 
disease. The figures also show a very definite relation between the 
effectiveness of &e ventilation and the severity of browning, for in every 
case the wrapped fruit showed more browning than did that which was 
not wrapped. This definite reduction by ventilation in the amount of 
browning would seem to indicate that the trouble is favored by the accu- 
mulation of deleterious substances whiph were removed by both the 
intermittent and the slow but continuous air movement 
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OA8 ABSORBENTS AS AGBNaES IN THE PREVENTION OF INTERNAL BROWNING 

Several sublots of the 1919 and 1920 crops of apples, picked October 
18, were stored at o°C. in oil wrappers which were known to be good 
absorbents of gases. For this purpose commercial 10 by lo inch apple 
wrappers were saturated with the given wax or oil. The number of 
treatments included and the results of these tests are given in Table VIII. 

Table VIII . — Effect of gas absorbents upon the development of internal browning of 

apples stored at ° C. 



Condition of fruit at end of storage period 

Treatment. 

1 

Season of 1919-20 


Season of 1930-21 


Nor- 

mal 

i 

Trace. 

1 1 

! Slight 1 

i 

Moder- ! 
ate 

Severe 

Nor- 

mal 

Trace 

Slight 

Moder- ^ 
; ate 

Severe. 


Per 

Per 

t 

1 Per 

Per 

_ 

Per 

Per 

Per 

^ Per 

! Per 

Per 

Cocoa<butter wrap- 

cent 

cent 

1 cent 

cent 1 

cent 

cent 

cent 

cent 1 

cent 

cent 

per 

to 

4 S 

' 20 

5 1 

0 

50 

AO 

10 : 


0 

Otive-oil wrapper 

40 

60 

1 0 

0 

0 

55 

45 

0 i 

1 0 

0 

Wesson-Qtl wrapixrr 

SO 

50 

0 

0 

1 0 




Mazola-oil wrapper. 

SO 

45 

1 5 

0 

0 






Vaseline wrapper. . . 

70 

35 

j 5 

0 ; 

0 

45 i 

55 

0 < 

1 0 

0 

Lard-tallow wrapper 


1 



15 < 

75 

10 

0 

0 

Paraffin wrapper 
Control. common 



i 

1 : 



5 j 

80 

^5 ; 

1 0 

0 

wrapper 



1 



S 

85 

10 

0 

0 

Control, no wrapi)cr 
Average for oil 



i ' 

1 1 



5 

6S 

20 

10 

0 

wrappers 

Average for the 

4 « 

46 

! ’ 
I 

0 

0 

34 

57 

7 

0 

0 

controls 

20 

25 

1 

.0 

i 

5 ’ 

75 

15 


0 


These data indicate that the amount of browning can be reduced by 
employing agents which absorb essential oils or emanating gases. Since 
all the tests as well as the controls were stored in identical boxes and 
under as nearly as possible the same conditions in the storage rooms, the 
beneficial effect of the oil wrappers must lie in their ability to prevent 
the accumulation of injurious substances. There was a reduction of 
about 30 per cent in the number of specimens showing browning in 
each case. 

At the time the fruit picked October 18, 1920, was stored, 10 portions 
of 33 specimens each of lot “A’' were plac^ in sealed containers with 
various wrappers as listed in the table. This was thought to be a more 
accurate method of determining the effectiveness with which certain 
absorbents control the disease. It would seem logical to assume that 
there was always a considerable supply of esters or other deleterious 
material in the storage room; hence the wrappers in the open boxes 
should absorb these as readily, if not more so, than the substances from 
the individual specimens which were wrapped, thereby dissipating their 
ability to function as active absorbents. In the sealed containers, 
however, the esters to be absorbed were more nearly confined to those 
produced by the inclosed fruit, and this should materially lengthen ^e 
period during which the oils in the wrappers would act as absorbing 
agents. The results of these tests are given in Table IX. 
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Table IX . — Effect of gas absorbents upon the development of internal browning 


Conditioda of fruit After xs freekt at o* C. 


Treatment.^ 


Ordinary commercial wrappers 

Wrappers impregnated with cocoa butter 

Wrappers dusted with animal charcoal 

Wrappers dusted with silica powder . . 

Wrappers impregnated with olive oil 

Wrappers impregnated with paraffin 

Wrappers impregnated with lard-tallow mixture. . 

Wrappers impregnated with vaseline 

Commercial wrappere, with 22$ cc. concentrated 

potassium hydmxid in bottom of container 

Commercial wrappers, with 225 gr. soda lime in 
bottom of container 


Nor- 

xnal. 

Tnw* 

SUght. 

Mod- 

erate. 

Severe 

Per 

Per 

Per 

Per 

Per 

cent 

cent 

cent. 

cent 

cent. 

0 

s 

0 

60 

35 

6S 

35 

0 

0 

0 

45 , 

50 

5 

0 

0 

0 

5 

5 

45 

45 

55 

45 

0 

0 

0 

35 

65 

10 

0 

0 

30 

60 

10 

0 

0 

65 

35 

0 

0 

0 

80 

20 

0 


0 

0 

5 

5 

so 

40 


^ Apples sealed in cans with arrangement for slow renewal of air 

The data in Table IX show a very striking relation between the pre- 
vention of the browning and gas absorbents. In these tests 95 per 
cent of the treated fruit was marketable, as compared to only 5 per 
cent of that of the controls. The figures also indicate a definite rela- 
tion between the capacity of the various absorbents for taking up esters 
and the prevention of the disease. Paraffin, which according to Gilde- 
meister and Hoffman (u) has an absorbing power of approximately 
one-half that of the other substances, showed the least prevention of 
browning. The poor showing made by the tallow-lard mixture was 
possibly due to the fact that it became rancid before the experiment 
was little more than started. 

All the tests with gas absorbents, as well as those with air circulation, 
seem to indicate that internal browning is caused by the accumulation 
of certain materials in the nature of essential oils or other volatile sub- 
stances. 

A very perplexing question which then arises is that of the appear- 
ance of scald on the surface while internal browning develops in the flesh 
of the fruit. In an attempt to answer this question, the writer placed 
fruit under optimum conditions for the development of both diseases. 
That is, apples were placed in stagnant air at a temperature which 
favors the development of the disease. The results of these tests were 
very interesting. In every case it was found that the scald and brown- 
ing developed almost simultaneously. The scald rapidly developed 
into what is termed “deep scald, “ while the browning diffused outward 
at a similar rate from the points of initial appearance about the vascular 
bundles. In many specimens where the diseases w^e retarded more on 
one side of the fruit than on the other, a very interesting comparison of 
their spread could be made. The generally observed appearance of 
scald on the surface without the internal browning and the reverse con- 
dition would then seem to indicate that these two regions of the fruit 
are most susceptible to the essential oils, or that these substances ac- 
cumulate more pronouncedly in these than in any other region of the 
apple. The disease seemingly appears first in that r^on which is most 
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susce|>tible. In the Yellow Newtown, apparently, the region of greatest 
susceptibility is in the flesh, while in those varieties that scald readily, 
it is at the surface. 

If internal browning and apple-scald are caused by the accumulation 
of essential oils, which can be removed by ventilation or by absorption, 
the question arises as to why the preventive action of ventilation and 
absorbents is less marked in the control of internal browning than in 
apple-scald. This difiference in the effectiveness of the prevention is 
undoubtedly due to the fact that apple-scald is the result of the accumu- 
lation of deleterious substances on the surface of the fruit where the 
absorbent can be brought close to them. Internal browning, on the 
other hand, is caused by an accumulation of the deleterious substances 
deep in the tissues, from whence they can be removed only by the very 
slow process of r^ucing their concentration at the surface, thereby 
inducing them to diffuse outward. 

XNCRaAS9 IN PERMEABILITY PRIOR TO THE APPEARANCE OP INTERNAL BROWNING 

If internal browning is due to the action of some deleterious substance 
which tends to accumulate in the flesh of the apple under storage condi- 
tions, there should be some evidence of its action before the browning 
actually occurs. By this it is meant certain alterations will occur in 
the cells which will permit the browning to take place. Possibly the 
most important, as well as the most probable, change which could take 
place is that of altering the permeability. 

The changes in permeability were determined by measuring the resist- 
ance offered by the tissue to the passage of an dectric current. Elec- 
trodes for this purpose were patterned after those used by Small (15). 
The electrodes were mounted so that they stood 2)^ mm. apart and in 
such a manner that they would be pressed yi cm. into the tissue. 
The measurements were made by the Kohlrausch method. The fruit 
was cut as in making the observations upon the browning and the elec- 
trodes were then pressed into the various regions in which measurements 
were to be made. The readings were made by bringing the minimum 
point to the same position on the bridge each time. These reading, 
therefore, indicate only the relative resistance of the different regions in 
the fruits. (For the information of some readers it may not be amiss to 
state that a decrease in the resistance offered to the passage of an electric 
current is interpreted to mean an increase in the permeability of the cells.) 

Since it was impossible to obtain the above apparatus until late in the 
season, the results which are recorded in Table X give only one stage in 
the permeability changes that occur during the course of an entire 
storage season. All the measurements, with the exception of those 
given under tests No. 4, 5, and ii, were made in tissue which showed no 
browning. 
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Tab]<E X . — Permeability at the surface and in the region of browning 

{Expressed in ohms resistance] 



Test 

No 


Apples of lots 6 and 9, stored at 
8 .3* C. ' 

Same as (i), but stored at 5* C 
Same as (i), but stored at o" C 
(These lots browned at o" C.) 

Same as (3), but reading taken in 
trace brown tissue. 

Same as (3), but reading made in 
severely brown tissue 
Fruit from black bags, very re- 
sistant to browmng at 0° C. 
Apples from same tree as bagged 
fruit, very susceptible to 
browning at o** C 
Virginia apples, very resistant to 
browning at o” C. 

Santa Cruz Mountain apples, 
very resistant to browning at 
o“C 

Lots 3,5, and 8, very susceptible | 
to browning at o" C. 

5 iamc as (to), but readings made ] 
in moderately browned tissue 


Majority of readings. 

Extremes of variation. 

In region of 
browning 

At the surface. 

In region of 
browning. 

At the surface 

1,600 to 1.800 

1.600 to 1,800 . 

1,500 to 3,000. . 

1,500 to 3,000. 

3,300 to 3.500 
x.xoo to 1,100 

a,6oo to a.too 
3,300 to 3,500 

3,000 to a, 6 oo. . 
x.xoo to z, 8 oo . 

3.300 to 3,800. 

2.300 to 3,800. 

900 to 1,300 

3,300 to 3,400 . 

800 to 1,300... 

2,000 to 3,800. 

600 to 930 . 

3,300 to 3,400 

500 to i,xoo . 

1,900 to 3 , 6 oo. 

3,300 to 3 , 600 

3,600 to 3,900 . 

3,000 to 3,900 . 

2,300 to 3,900. 

X.OOO to 1.300 . 

3.300 to 3,500 

' 1,000 to x,6oo 

3,000 to 2,700. 

j 3,500 to 3.700 

3,6oo to 3,800 

3.300 to 3.800 . 

3,500 to 3,800 

3,300 to 3.500 

3,500 to 3,800 

t, 700 to 3,500 

3,300 to 3,80a 

! 1,000 to 1.500 

3,400 to a, 800 

1,000 to 3,000 

X.700 to 2.80a 

[ 700 to 900 

3,300 to 3,600 

500 to 1,100 

1,600 to 3,80a 


The figures of Table X show very definitely that there is a change in 
the permeability. At 8.3® C., where browning does not develop, Siere 
was an increase in permeability. These apples, however, were rapidly 
approaching storage breakdown, due to overripening at this relatively 
high temperature. The permeability had not increased in the apples 
stored at 5° where the ripening process was much slower and where 
the fruit remained free from browning. This was also true of the fruit 
at 0° which was resistant to the browning. In the fruit stored at 
that which was susceptible to the browning, there was a greater increase 
in permeability in the interior of the specimens than occurred in the 
fruit stored at 8,3°. The fruit at o®, nevertheless, was not approach- 
ing storage breakdown but incipient browning. In the specimens 
showing browning the permeability continued to increase with the 
advance in the severity of the disease. Therefore these data seem to 
indicate that, just prior to and accompanying the end of the storage 
life of these apples, there is a very marked increase in permeability, 
regardless of whether deterioration is brought about by storage break- 
down or by internal browning. 

INCREASE IN PERMEABILITY DUE TO ESSENTIAL OILS 

If internal browning be due to the accumulation of essential oils or 
similar deleterious substances which change the permeability, these 
oils should also increase the permeability when applied to the surface 
of the cut fruit. In order to test this property of these substances, 
several essential oils in great dilution were applied to the fruit about 
the electrodes of the conductivity apparatus. After the initial resist- 
ance was taken a drop of the solution was applied around the electrodes. 
Then the reading of the resistance was made every 5 minutes for a period 
of 20 minutes. The results of these tests were recorded in Table XI, 
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TablB XI . — Effect of essential oils upon the permeability of apple tissue 
[ExprcHbcd in ohms resistance} 


Treatment 

The ini- 
tial re- 
sistance. 

Resistance at various intervals after 
the application of the essential oils 

After s 
min- 
utes. 

After 10 
min- 
utes 

After IS 
min- 
utes. 

After ao 
min- 
utes 

Control, no treatment (current on continu- 






ously) 

2. QOO 

2, 800 

2, 800 

2, 400 

2, 200 

One drop of 0,1 per cent solution of amyl 






acetate 

2, 800 

r, 600 

800 

550 ' 

350 

One drop of saturated solution of amyl valer- 






iate 

2 , QOO 

I, 600 

I, 000 

800 

600 

One drop of 1 per cent solution of acetalde- 








2. 900 

I, 600 

I, 000 

750 

500 

One drop of 0.001 per cent solution of amyl 






acetate 

2 , QOO 

2, 000 

I, xoo 

900 

600 

One drop of 0.001 per cent solution of acetal- 
dehyde .... 

2, 700 

2, 100 

I, 200 

900 

800 

Water about the electrodes 

2, 800 

2, 400 

2, 200 

2, 100 

3 , 000 


The figures in Table XI show conclusively that essential oils increase 
the permeability when brought in contact with fruit tissues. These 
data indicate also that only a very small accumulation of essential oils 
might be sufficient to increase the permeability of apple cells, allowing 
the oxidase and substrates to come in contact, thus resulting in the 
browning. This is especially true when the greatest dilutions of the 
substances used in these tests are compared with the normal essential 
oil content of some apples as given by Power and Chesnut (14). 

GENERAL DISCUSSION 

In view of the relation of the browning with lower mean temperatures, 
it seems possible that the more severe browning of the mature fruit 
was due to exposure to the lower temperature which prevailed during 
the latter part of the harvesting season. The fruit of the second picking 
was exposed to a mean temperature of about 2.5® C. below the mean 
temperature of the growing season for three weeks after the fruit of 
the first picking was harvested. The fruit picked November 22 was 
exposed for six to eight weeks to the influence of a mean daily temperature 
of 2.5° to 8® below that prevailing at the time and before the first 
picking was made. As a whole, these data point to the possibility that 
the low temperature favors those conditions within the fruit which are 
necessary for the development of browning. This weakness in the 
fhiit, if it can be considered as such, may be due to an abnormal develop- 
ment of the protoplasmic structure of the apples or to an accumulation 
of some deleterious substance which brings al^ut a more rapid cessation 
in the normal functioning of these structures in storage. This seems 
probable since there was no appreciable difference between the resistant 
fruit and the fruit very susceptible to browning in constituents such 
sugars, acid, and the Ph value of the expressed juice, which, it 
is generally beheved, might influence a reaction of this sort through 
th^ e^ect upon t^ equilibria within the cells. 
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The accumulation of essential oils or similar deleterious substances 
also seems to be rather closely linked with the weakness in these apples 
that shows up in stora^. This is indicated by the great reduction 
in the amount of browning that is brought about through the employ- 
ment of air circulation or the impregnation of the wrappers with good 
absorbents for these substances. It has been further demonstrated 
that the permeability of the cells, which is the most probable change 
that might precede this browning or similar reactions, is increased very 
rapidly by essential oils when applied even in great dilution to the apple 
tissue. It was also found that there was an increase in permeability 
prior to and accompanying the death of the cells in the apple regardless 
of whether death was due to the usual type of storage breakdown (which 
is the result of overripening) or to internal browning. 

The data obtained upon the relationship of temperature and the 
accumulation of essential oils or similar volatile substances to the brown- 
ing, although not conclusive, point to several possibilities concerning 
the cause of this disease. When these apples are grown at a mean tem- 
perature as low as that of the growing season of the Pajaro Valley, they 
may fail to develop normally, hence when they are placed in storage the 
flesh of the fruit exhibits a susceptibility to injury trough the action of 
the volatile emanation of the apple. This is indicated by the behavior 
of the fruit from different regions as well as by that from under the tent 
and in the black bags. This lower temperature may not only affect the 
development of the fruit but also apparently influence the production 
or accumulation of the volatile substances which are immediately respon- 
sible for the browning. This becomes apparent when the great difference 
in the amount of browning which developed at the several storage tem- 
peratures is taken into accoimt. Seemingly there is a greater produc- 
tion of these substances at the lower temperatures, or otherwise they 
must accumulate more rapidly in those regions of the torus that are first 
to show the browning. 

The reduction in the development of the browning by the use of gas 
absorbents also indicates that these volatile substances are present in 
injurious amounts at the lower temperatures under the ordinary condi- 
tions of storage. The more rapid accumulations of the deleterious 
substances may seem the more probable way of accounting for the injuri- 
ous amount of these substances when the decrease in their volatility 
and the decrease in the permeability of the tissue at the lower tempera- 
tures is considered. However it is likely that there is also a greater 
production of these substances under the somewhat abnormal conditions 
of the lower temperatures of storage. 

The nature of the process which results in the browning becomes of 
interest in connection with the preceding possibilities as to the cause of 
this trouble. Plausible explanations of this process could possibly be 
ascribed to an increase in the permeability of the protoplasm which 
permits the enzyms and their substrates to mix, or to the inactivation 
of some inhibiting substance. These changes might be brought about 
by the accumulation of certain substances such as 3ie essential oils which 
are produced by the apple in storage and which apparently have a toxic 
effect upon the protoplasm of the cells. 

In the normal cells the enzyms are prevented from acting upon their 
substrates by inhibitors or through lack of contact due to the possibly 
impermeable nature of the phase surface of the (uotoplasm. When 
the phase arrangements in the protoplasm, however, are acted upon 
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by toxins, ^ese substances are no longer prevented from coming into 
contact. Similarly, the toxins may act upon the inhibitors to inactivate 
them. As a result of this liberation, the tannins of the apple cells 
may be oxidized to a brown by the oxidase which is also present in 
the mature fruit. It has been indicated by Bartholomew (3) that 
changes similar to these precede the blackening of the tissue in 
blad^eart of potatoes. This explanation of coloration based upon a 
change in the permeability is also supported by the fact that before 
browning occurs there is a great increase in permeability of the cells as 
indicated by the conductivity measurements. 

SUMMARY 

(1) Internal browning is a nonparasitic disease of the large isodia- 
metric cells of the flesh of the fruit. 

(2) All Yellow Newtown apples, regardless of where grown, may in 
some years be susceptible to internal browning. This variety when 
grown under conditions prevailing in the Pajaro Valley has proved to be 
much more susceptible to this disease than when grown in other fruit 
regions. 

(3) The later the fruit was picked, the greater the amount of browning 
which occurred in storage. 

(4) No browning occurred even after four to six months storage in 
any of the fruit stored at 8.3° C. or above. 

(5) The browning at the end of six months* storage at 5° C. was very 
limited and mild, and did not detract from the commercial value of the 
fruit. 

(6) At 2.2® C. approximately 70 per cent of the apples showed brown- 
ing by April i, figures for each of the three seasons show. During the 
season 1920-21 which was average with regard to browning, only 50 
per cent of the fruit stored at this temperature was marketable on 
April I, 1921. 

(7) At o® C. practically all the fruit showed browning before April i, 
each season. Only 20 per cent of the fruit stored at this temperature was 
marketable on April i, 1921. 

(8) A lowering by about 3® C. of the mean orchard temperature during 
the growing season, by tenting or shading a tree, greatly increased the 
susceptibility of the fruit to browning. Aiter 4K months* storage at o® 
the fruit of the tented trees showed 25 per cent less of normal specimens 
than that of adjacent trees which were naturally exposed. 

(9) An increase of 4° C. in the mean orchard temperature, by bagging 
individual apples in black cloth during the growing months, markedly 
increased the resistance of the fruit to this disease. The bagged apples 
showed 66 per cent more of normal specimens after 4K months* storage 
at than the naturally exposed fruit of the same trees. 

(10) The browning was greatly reduced by ventilating the fruit. 

(11) The browning was also reduced by impregnating the wrappers 
with oils and waxes which were good absorbents of essential oils. 

(12) By measuring the electrical resistance of the apple tissue, it was 
found that there was an increase in permeability prior to the end of the 
storage life of the apple, regardless of whether dea^ was due to the usual 
storage breakdown or to internal browning. 

(13) It was demonstrated that essential oils when applied to the apple 
tissue even in great dilution rapidly increase its permeability. 
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(14) The data indicate that internal browning is due to the accumu- 
lation of essential oils or similar deleterious substances which are pro- 
duced by the apples in storage. This shows that internal browning and 
apple-scald are quite closely related with respect to cause. 
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PLATE I 


A. — ^A normal apple. 

B. — ^Average condition of trace browning. 

C. — ^Average condition of slight.browning. 

D. — Average condition of moderate browning. 
R. — ^Average condition of severe browning. 





ON THE USE OF CALCIUM CARBONATE IN NITROGEN 
FIXATION EXPERIMENTS* 

By P. L. Gainey 

^ Associate Professor of Bacteriology, Kansas Agricultural Experiment Station 

In i^viewing the literature on nitrogen fixation by soil bacteria one 
is impressed with the great variety of media that have been employed 
by different investigators. Many of these media, while generally satis- 
factory, have not proved entirely so when employed by other investi- 
gators with slightly different environmental conditions. 

It is not the purpose of this paper to enter into any discussion of the 
relative merits of different media, but rath^ to call attention to a fre- 
quent fundamental difference and its possible bearing upon the success 
attending their use. This difference is the presence or absence of calcium 
carbonate. 

Winogradsky (p)* in his original experiments on nitrogen fixation by 
anaerobic bacteria used a dilute solution of the various salts necessary to 
furnish the elements essential to growth. To this was added a simple 
sugar as a source of energy and an excess of calcium carbonate to neutral- 
ize the acids formed from the sugar. Winogradsky's medium has been 
almost universally adopted for anaerobic nitrogen-fixing experiments. 

Beijerinck (-?), studying the aerobic Azotobacter group of nitrogen- 
fixing bacteria, found that a 0.02 per cent solution of Kj HPO4 in “Lei- 
tungswasser,” to which was added a source of energy, furnished the 
necessary conditions for good growth of these organisms. Either the 
water or the inoculum must have furnished the other essential elements 
in sufficient cjuantity. The reaction of this medium was unaltered, the 
statement being made that — 

Die N^hrl6sung reagiert durch das Kj HPO4 schwach alkalisch 

and that — 

Die Alkalisch Reacktion ist fiir den versuch giiustig. 

Beijerinck preferred mannite or a salt of propionic acid as a source of 
energy because — 

Mannit kann nur schwierig und langsaiu, Propionate durchaus nicht der Butter- 
s^ureg^ng anheimfallen. 

Beijerinck further states that — 

Die Produkte die Oxydation sind Kohlensaurc und Wasser, 

However, he realized that in impure cultures from soil, organic acids 
might be formed. Beijerinck failed to secure appreciable fixation of 
nitrogen by pure cultures. 

Lipman 0 ) began a studjr of the Azotobacter group of nitrogen-fixing 
organisms shortly after Beijerinck. He demonstrated that Beijerinck's 
failure to secure fixation in pure cultures was due to the unfavorable re- 
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action of his media. The media adopted by L 4 pman was composed of 
tap water i,ooo cc., mannite 15 gm., Kj HPO* 0.5 gm., Mg.S04 0.2 ^m., 
a drop of 10 per cent solution of ferric chlorid, and enough sodium 
hydroxid to make the solution slightly alkaline to phenolphthalein. 
Lipman showed that within certain limits the quantity of nitrogen fixed 
was proportional to the quantity of sodium hydroxid added. He further 
demonstrated that the addition of CaCOg, even to the medium made 
alkaline to phenolphthalein with sodium hydroxid, rendered it more 
favorable for nitrogen fixation. With regard to the influence of cal- 
cium carbonate Lipman (4) says: 

It is clear therefore, that the presence of calcium carbonate stimulated growth either 
directly by furnishing calcium, or indirectly by making available more phosphorus, 
sulphur, and magnesium. 

However, Lipman apparently lost sight of the value of calcium car- 
bonate, for he did not recommend its use in his laboratory guide (5). 

Ashby (i), apparently following the lead of Lipman, proposed that 
the acidity arising from the phosphate be neutralized with sodium 
hydroxid and in addition an excess of calcium carbonate be added. The 
medium proposed by Ashby has been more widely used than any other. 
It has the following composition: Distilled water 1,000 cc., mannite 12 
or 20 gm., Mg.S04 0.2 gm., KHg PO4 0.2 gm., NaCl 0.2 gm., CaS04 o.i 
gm., and 0.5 gm. of CaCOg to each culture of 75 or 100 c. c. The phos- 
phate is dissolved separately in a little water and made neutral to phe- 
nolphthalein with sodium hydroxid. Ashby found that the presence of 
calcium carbonate favored nitrogen fixation and that Azotobacter would 
sometimes develop in the presence of calcium carbonate but would not 
form a film if the carbonate were left out. Ashby also found that mag- 
nesium carbonate was even more efficacious than calcium carbonate, 
thus showing that calcium was not the essential constituent. Other 
investigators have since shown that other basic compounds can be sub- 
stituted for calcium carbonate. 

In addition to the three types of media just mentioned Lohnis and his 
students have made rather extensive use of soil extract to which was 
added K2HPO4 and mannite or some other simple organic source of 
energy. In comparing the fixation of nitrogen in a medium of this type 
with and without the addition of calcium carbonate Lohnis and Pillai 
(7) found, as a rule, slightly greater fixation where the carbonate was 
added. However, Lohnis failed to adopt the use of calcium carbonate 
generally in his work, ox to recommend its use in his laboratory guide (d). 

It remained for Stoklasa { 8 ) to produce the necessary evidence for a 
correct understanding of the function of calcium carbonate in nitrogen- 
fixation experiments by demonstrating quantitatively the formation of 
organic acids in cultures of Azotobacter. A survey of the accumulated 
literature on the subject will show, however, that many investigators 
failed to realize the significance of Stoklasa's results. 

Practically all investigators agree that a neutral or alkaline reaction 
is desirable, if not essential, for the best development of nitrogen-fixing 
organisms. In most work some effort is made to adjust the medium to an 
alkaline reaction before inoculating, but in many cases no effort is made 
to maintain such a reaction. Even the influence of the inoculum upon 
the initial reaction has usually not been taken into consideration. 

So far as the writer is aware no one has ever reported a detrimental 
effect upon nitrogen fixation from the presence of calcium carbonate in 
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the medium, even when present in large excess. This is an important 
a>nsideration, however, since if it has no toxic effect upon the organisms 
it may be added in excess of initial requirements and thereby tend to 
maintain a favorable reaction throughout the experiment. 

XhOT are a number of isolated experiments such as those cited above 
showing the effect of calcium carbonate upon the growth of nitrogen- 
feing organisms. In the course of some experiments, conducted by the 
writo, in which the relative growth of Azotobacter from a large number 
of different soils was compared there was an opportunity to observe the 
effects of CaCOg on nitrogen fixation. 

METHODS 

The medium employed had the following composition: Mannite 20 
gm., Kg HPO4 0.2 gm., Mg SO4 0.2 gm., NaCl 0.5 gm., FeCLj trace, and 
water 1,000 cc. Two-hundredths gm. of CaClg was sometimes added, 
although in most cases because of the high calcium content of local soils 
the CaClg is not essential and was without effect. In those tests to which 
no CaCOg was added the medium was always rendered slightly alkaline 
to phenolphthalein with sodium hydroxid. When CaCOg was to be 
added the medium was sometimes first rendered slightly alkaline to 
phenolphthalein and at other times the reaction was unaltered prior to 
the addition of the CaCOg. Fifty cc. of the medium were placed in 300-cc. 
Erlenmeyer flasks, and the CaCOg w'^as added in the form of sterile powder 
just prior to inoculation. No superiority is claimed for this medium 
over a score of others that might have been used. Obviously a medium 
with as variable composition as that containing tap water or soil extract 
would be unsuited for comparative work that must extend over a long 
period of time. 

Samples were always set up in duplicate and total nitrogen determina- 
tions made on the whole sample. Total nitrogen determinations were 
also made in duplicate upon the inoculum. The inoculum consisted of 
10 cc. of the supernatant suspension prepared by shaking one part of 
soil (50 to 100 gm.) with two parts of water and allowing to settle long 
enough for the larger particles to sink to the bottom. It is believed that 
such an inoculum is more representative of a mass of soil than 5 gm. of 
soil, and at the same time the quantity of solid material added is not 
sufficient to interfere in the least with total nitrogen determinations. 
Incubation was at room temperature for three weeks. In estimating 
the quantity of nitrogen fixed that present in the inoculum was deducted. 
Only the average of check determinations were recorded. 

Frequent examinations of the cultures were made, both macroscopically 
and microscopically to ascertain whether Azotobacter were present. If 
Azotobacter make an appreciable growth it can usually be recognized by 
the appearance of the film. A microscopic examination of an unstained 
mount from such a film will reveal an unmistakable picture. A film is 
sometimes encountered which at certain stages in its development resem- 
bles quite closely an Azotobacter film, which, under the mircoscope, is 
found to be composed almost entirely of filimentous fungi, no organisms 
typical of Azotobacter being observed. In other instances nontypical films 
examined under the microscope woidd be found to be composed largely 
of fruiting fungi, the spores of which often closely resembled individual 
cells of Azotobacter. 
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If these examinations failed to reveal organisms morphologically 
similar to Azotobacter they were regarded as absent. Owing to the 
above-mentioned complex conditions it is quite possible that Azotobacter 
were sometines reported present when in reality they were absent and 
vice versa. The end to be gained did not seem to justify the large amount 
of time that would be necessary to isolate and identify Azotobacter from 
the various soils. It is believed that if Azotobacter are not present in af 
soil in sufficient numbers and vigor to develop unmistakable evidence of 
their presence by the methods just described, for practical purposes 
they may as well be absent. 

RESULTS 

Several hundred samples of soil from Kansas and other States have 
been examined by the methods described above. The following is a 
comparison of the average quantity of nitrogen fixed by 200 soils. 

All samples 5.87 mgm. 

Presence of CaCOa . 7.10 mgm. 

Absence of CaCOa 4.60 mgm. 

Azotobacter film formed 7.70 mgm . 

No Azotobacter film formed 410 mgm. 

There were only two samples that failed to show some nitrogen fixation^ 
and both of these were in media containing no CaCOg. 

When calcium carbonate was added to the medium an Azotobacter 
film wasiormed from 1 1 7 samples, or 58 per cent of the soils. The average 
quantity of nitrogen fixed in these was 8.1 mgm. The average quantity 
of nitrogen fixed in the 83 samples having no Azotobacter film was 
5.7 mgm. 

When no calcium carbonate was added to the medium an Azotobacter 
film was formed from 75 samples, or 38 per cent. These had fixed on 
the average 7.1 mgm. of nitrogen. One hundred and twenty-four 
samples, or 62 per cent, produced no Azotobacter film, and the average 
nitrogen fixed for these was 3.1 mgm. 

Twenty-seven samples, or 14 per cent of all soils examined, fixed more 
nitrogen in the samples to which no CaCOg was added, while 1 73 samples, 
or 86 per cent, fixed larger quantities of nitrogen in those samples receiv- 
ing an addition of CaCOg. The microscope revealed Azotobacter in 
cultures from 130 samples, or 65 per cent of all. No Azotobacter were 
observed in cultures from 70 samples, or 35 per cent of all. Some nitrogen 
fixation took place in practically all samples inoculated regardless of the 
source of the soil. 

There were 12 samples containing Azotobacter or organisms resem- 
bling Azotobacter that failed to form an Azotobacter film. The average 
nitrogen fixed by these 12 soils where CaCOg was added was 6,2 mgm. 
The average in the absence of CaCOg was 3.1 mgm. This is 0.5 mgm. 
higher than the average fixed by those giving no film when CaCOg was 
added and exactly the same as those giving no film in the absence of 
CaCOg. It is highly probable, therefore, that some soils contain 
Azotobacter but are incapable of initiating the growth of an Azotabacter 
film in a mannite culture solution. 

Practically all soils that failed to produce Azotobacter films formed 
more or less heavy films of fungi in the medium containing CaCOg. 
As a rule, no such films were formed in the medium containing no 
CaCOg. Vl^ether or not these fungi are assodated with the increased 
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nitrogen fixation under these conditions is not known. It is possible 
that the films of aerobic fungi were a factor in maintaining anaerobic 
conditions and thereby stimulated nitrogen fixation by anaerobic organ- 
isms. The fungi were usually slow to develop, indicating that ^eir 
development depended upon some subsequent change, possibly the 
accumulation of nitrogen or of calcium salts of some organic acids. The 
number of samples that failed to develop fungi films were hardly sufficient 
to give a comparison of the quantity of nitrogen fixed in the presence 
and in the absence of a film. It is perhaps significant, however, that the 
average quantity of nitrogen fixed by the 7 samples which failed to grow 
films of fungi in the presence of CaCOa was only 2.6 mgm., compared with 
6.0 mgm. for the 76 samples producing a film. This would indicate that 
the fungus growth is in some way associated with the fixation of nitrogen 
either as a factor or as a result. 

It is evident from the preceding data that practically all soils will 
bring about the fixation of appreciable quantities of nitrogen under the 
conditions of these experiments. A large percentage of the soils examined 
however, failed to initiate the growth of Azotobacter. There are, there- 
fore, other organisms which are capable of fixing appreciable quantities 
of nitrogen. Such organisms seem to be quite widely distributed in 
nature. 

CONCLUSIONS 

(1) The quantity of nitrogen fixed in the presence of Azotobacter is 
greater than when it fails to develop. 

(2) The number of soils capable of initiating the growth of Azotobacter 
under the experimental conditions here described is greater by 20 per 
cent if CaCOj is added to the medium than if it is omitted. 

(3) The quantity of nitrogen fixed in a medium containing CaCOg is, 
for practical purposes, always equal to and in most cases greater than 
when CaCOg is not present in the medium. 

(4) The presence of CaCOj exerts a greater beneficial effect upon 
those organisms, other than Azotobacter, that bring about the fixation 
of nitrogen than upon Azotobacter itself. 
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GUMMOSIS OF CITRUS^ 

By Howard S. Fawcrtt * 

Professor of Plant Pathology ^ Citrus Experiment Station, College of Agriculture, Univer- 
sity of California 

PART I.— GUMMOSIS DUE TO PYTHIACYSTIS CITROPHTHORA 


INTRODUCTION 


The purpose of Part I is to present the results of an investigation, be- 
gun in 1912, into the nature, causes, and manner of development of cer- 
tain types of gummosis of Citrus trees. In the three parts of this paper 
the term gummosis will be employed in the broader sense, in which it 
applies not only to the process of gum formation but also to the diseases 
or pathological effects in which gum formation is one of the conspicuous 
features. When employed in connection with specific diseases, supple- 
mentary terms will serve to show its modified meaning. 

Part I will deal mainly with the causal relation of PythiacysHs citro- 
phthora Sm. and Sm. to one of the most widespread and destructive 
forms of Citrus gummosis in California. The relation of another fungus, 
Phytophthora terrestria Sherb., to a similar disease, mal di gomma, in 
Florida is also included. Part II will present the results of an investiga- 
tion into the relation of Botryiis cinerea Lk. and other fungi to other 
types of gummosis in Citrus. The last section of this paper. Part III, 
will deal with gum formation as such, the conditions influencing its 
formation, and its relation to diseases. The results of investigations on 
the control of some of these diseases will be discussed in a bulletin to be 
issued from the California Agricultural Experiment Station and will 
therefore receive only a brief mention in tliis paper. A preliminary 
report regarding control has already been published by Fawcett, (24,26), 

Previous investigators had come to the conclusion that all gum dis- 
eases of Citrus trees in California originated independently of micro- 
organisms, according to Smith and Butler (56). It was held that these 
diseases were largely autogenous in their nature and were frequently 
induced through the effects of certain climatic or soil conditions alone. 
It now appears evident that these environmental conditions can not 
by themselves initiate all the severe forms of gummosis in Citrus earlier 
attributed to them, although many of these factors are found to play, 
as they do in most parasitic diseases, an important r 61 e as contributing 
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conditions which favor infection and invasion of the host by causa!' 
parasites. 

Since, however, a nonparasitic explanation for these gum diseases in- 
California had become so firmly established in the literature of the sub- 
ject, it has been necessary to carry on a large series of carefully con- 
trolled experiments before concluding that fungi are necessary factors, 
in the initiation and development of certain of these diseases. For the 
same reason the author deems it necessary to present his data in consider- 
able detail. 

The failure to recognize the parasitic factor in previous investigations,, 
as regards Pythiacystis ^mmosis at least, is probably due in part to the 
following facts which will be brought out in more detail later: (i) The* 
fungus initiating the disease is found in the bark in its vegetative stage 
only; (2) it dies out rapidly in tissue already invaded, leaving only a. 
fringe or band of live mycelium at the advancing edges of the invaded 
tissues; (3) under adverse temperature and moisture conditions the 
organism frequently dies completely in the tissue, especially on resistant 
varieties, giving the appearance of a pure physiological effect; (4) in 
advanced stages the stimulus to gum formation spreads out far in advance 
of the band of invading mycelium, producing an outer gummous zene- 
in which localized gum pockets are frequently formed. This outer 
gummous zone is usually free from the causal organism. Any attempt 
to find the organism in regions other than the narrow band at the outer 
rim of the invaded zone would result in failure. 

HISTORICAL REVIEW OF CITRUS GUMMOSIS 

In this historical review of the literature of Citrus gummosis it has been, 
found impossible to separate with certainty the different forms of gum- 
mosis which recent investigations have shown to be distinct. It is. 
believed, however, that* most of the more destructive, rapidly developing 
forms mentioned by various writers were similar to those represented by 
Pythiacystis gummosis in California and mal di gomma in Florida. 

Two of the earliest European writers on Citrus, Ferrari (29, p. 1^6-i^S) 
in 1646* and Sterbeek (60, p. 177) in 1682, briefly discuss certain forms, 
of Citrus gummosis occurring in the orange plantings of Europe. Two. 
other early writers on Citrus referred to by Savastano (52) as mentioning^ 
some minor form of gummosis were Clarici in 1726 and Corrado in 1787. 

The first highly destructive type of gummosis of Citrus on record, 
appeared in the Azores in 1834. Sweet-orange trees which had grown 
to the age of 200 to 300 years, and which were producing 6,000 to 20,000 
oranges apiece, were found by Fouque (52, p, 837) to be affected with 
a very destructive form of gummosis (i). Yellow gum is mentioned as, 
exuding on the trunks near and sometimes benea^ the surface of the* 
ground. The trees put on heavy crops of fruit, and the leaves turned 
yellow and fell off in great quantities. This brief description appears*, 
to indicate a form of disease resembling Pythiacystis gummosis. It was 
supposedly transferred from the Azores to the vicinity of Lisbon, Portu- 
gal, where a similar disease appeared in 1865. 

A similar type of Citrus gummosis, according to Savastano (52), was-, 
extremely destructive in many Mediterranean localities. It was estab- 
lished in Messina, Italy, in 1863 and was reported near Reggio in 1864. 
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The disease advanced rapidly from Messina, passing into the province 
of Catania to Acireale. In 1865 it was established at Palermo, raging 
severely there until 1870. In all the Sicilian Citrus orchards the gum- 
mosis was present in such intensity as to constitute a true epidemic which 
destroyed all the trees. The orchards were later replanted with sour- 
orange stocks. In 1870 the disease was established in the region of 
Genoa. It became scattered (not epidemic) in the orchards of the 
Naples, Amalfi, and Gargano regions. Briosi (ii) estimates the damage 
from gummosis in Italy as $2,000,000 from 1862 to 1878. 

In Greece, in Tunis, and in Spain gummosis became distributed in 
varying degrees of intensity. Briosi refers to its destructiveness in the 
Balearic Islands (near Spain) in 1871. In more recent years a similar 
disease has been reported in the Oasis of Tripoli by Leone {44) in 1918. 
Gummosis was attracting attention in Cape Colony, South Africa, in 
1891. 

In Australia, a destructive gummosis is referred to by Alderton (j) as 
occurring in New South Wales between i860 and 1870, by McAlpine {46) 
as occurring near Sydney in 1867 and in Queensland in 1876. It is 
reported by Kirk {43) in New Zealand in 1885. 

In the United States, records place its appearance at about the year 
1875 ill California according to Mills {48) and 1876 in Florida by Curtiss 
(17). In Florida, as footrot or mal di gomma, it attracted serious atten- 
tion in 1879, following a very wet year according to Hume (41). Moore 
(49, p, 128-132), in 1881, speaks of its recent appearance, and Swingle 
and Webber (64) in 1896 report it as still gradually spreading. In 
California, gummosis was a serious trouble in nearly every Citrus locality 
by 1878, It was spoken of by Garey (54, p, 81-82) as the only Citrus 
disease of importance at that time. The horticultural literature of this 
period indicates that the discontinuance of the use of the common lemon, 
lime, and citron as stocks and the general adoption of the sour orange and 
sweet orange as the principal stocks in California were due to this disease. 

Some of the other localities in the American continents where gum- 
mosis has been an important disease are reported in Paraguay by Bertoni 
(9), in Brazil by Avema-Sacca (5), in Mexico by Gandara {33), in Cuba 
by Cook (15) and Cook and Home (id, p. 33), and in Porto Rico by 
Stevenson (62). 

Viewing the history of Citrus gummosis from the investigational 
standpoint, Briosi (ji) studied a gummosis (mal di gomma) in Italy and 
described a fungus, Fusarium limoni Briosi, which he considered to be a 
factor in the development of the disease. McAlpine {46) regarded a 
similar type of severe gummosis in Australia as undoubtedly of an infec- 
tious nature and referred to the same fungus as the causal agent. His 
description of the disease indicates that it is similar in character to the 
form which Pythiacystis gummosis takes on large orange trees in Califor- 
nia. It is quite possible that the “slender wandering filaments*’ which 
he found penetrating the tissue may have been those of a Pythiacystis- 
like fungus. In this connection it is of interest to note that in a letter 
to the writer in February, 1917, G. P. Damell-Smith of the Department 
of Agriculture, New South Wales, reports finding Pyihiacystis citro- 
phihora on specimens of Citrus affected with a gum disease sent from the 
Norfolk Islands, east of Australia. Later, F, Steward, in a letter of 
October 1917, reports having isolated P. dtrophthora from lemon fruits in 
Western Australia and having confirmed its pathogenicity by inocula- 
tiem. 
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Comes (14) produced gamamg in Italy by inoculations witb a bac- 
terium which he called Bacterium gummis Comes. B. gummis is also 
mentioned by Avexna-Sacca (5) in connection with gummosis of Citrus 
in Brazil and by Gandara (jj) in connection with gummosis in Mexico. 

A number of other investigators, among whom were Swingle and Web- 
ber (64), considered the severe gum diseases as probaWy imectious and 
due to some organism invading the bark, but little work of an experi- 
mental nature with Citrus appears to have been done until recent years. 
Fawcett (22 and 2j) showed that a gumming of branches of Citrus in 
Florida was due to the presence of a fungus similar to Diplodia natalensis 
Evans. The same fungus was found by Burger {28) to be the causal 
agent in a twig disease of the peach. 

Not alone in Citrus but in a number of other plants, especially Prunus, 
definite diseases accompanied by large gum exudations have been shown 
in recent years to be due to specific organisms. Among these may be 
mentioned forms of gummosis on cherries reported by Aderhold and 
Ruhland (2), Griffin (57), and Barss {8)\ on apricot and other deciduous 
fruits reported by Barrett (< 5 ) ; and on plum reported by Higgins {39), 

There have been other investigators who concluded that the severe 
gum diseases in Citrus were due, not to the invasion of organisms, but 
to certain stimuli operating upon the affected parts. Savastano (51) 
made a comparative study of gummosis in both Prunus and Citrus and 
concluded, b^ause the histology was the same in both genera, that gum- 
mosis in Citrus arose largely from wounds or traumatisms. This con- 
clusion was in agreement with the views of many previous investigators 
as to gummosis in Prunus. Among these were Sorauer (38) in Germany, 
Prillieux (50) in France, and others. Savastano, in a number of papers 
in recent years on gummosis in Citrus, has modified this earlier view. 
He has distinguished clearly between mere gum formation as a general 
phenomenon and gummosis in connection with definite diseases. In 
one of these later publications (32) he accepts Comes’s (14) conclusions 
as to the bacterial origin of the definite disease type and concludes that 
the aggravating conditions or causes influencing the occurrence of gum- 
\ mosis are lack of light, clayey, water-holding soils, level ground as com- 
pared to hillsides, excessive moisture about the roots, wounds from 
grafting or from digging about the roots and so forth. Most of these 
contributing conditions are those favorable for gummosis due to Pythia- 
cystis citrophthora in California, or mal di gomma due to Pkytophthora 
terrestria in Florida. In this connection it is of interest to note that R> 
E. Smith (57) found lemon fruits affected by typical brownrot like that 
due to Pythiacystis citrophthora, in a low-lying, poorly drained grove in 
Sicily, where footrot was very prevalent as mentioned by Fawcett {23). 

Still other investigators have concluded that organisms are not at all 
involved in the initiation of gummotus but that certain conditions within 
or without the host are solely responsible for the diseases. Bertoni (9) 
in Paraguay appears to have considered Psorosis and a Pythiacystis-like 
form as phases of the same disease and concludes that poor condition of 
nourishment is the primary contributing cause. Eater (10) he believed 
that shade was a corrective for gummosis. Grossenbacher (j8) con- 
cluded that untimeliness of bark growth in connection with drought and 
low temperatiu-es was related in some unknown way to gummosis of the 
mal di gomma type in Florida. 
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The previous views regarding Citrus gummosis in California, based in 
part on investigations on Pythiacystis gummosis, are fairly well indicated 
by the following quotation from Smith and Butler (56) : 

The lesions, ulcers, or affected areas produced, are not primarily the seat of the 
t^ble. They represent rather the effect of what may be called a general constitu- 
ticmal derangement showing itself by external outbreaks or symptoms at whatever 

poipts may (mance to be most susceptible What may be called a primary 

weakness exists back of the visible symptoms, and in this weakness can be sought 
^e fundamental cause and nature of the disease. It is, therefore, not necessary to 
identify a parasite, or strikingly evident climatic or soil conditions, to account for 

diseases of this class It may be said here without extended discussion, that 

in no case have we been able to recognize or demonstrate tlie presence of any fungus, 
bacterium, or otlier parasitic organism as the cause of any form of citrus gum disease. 

Some of the paramount conditions mentioned by Smith and Butler as 
contributory to the occurrence of gum disease are the accumulation of 
soil against the trunk, excessive moisture where poor drainage or careless 
irrigation exists, the heaping of manure against the trunk, low budding, 
lack of loose aerated soil and sweet orange stock on heavy soils. It is 
now known that these conditions are favorable for infection by the 
fungus and the development of the disease."* 

Previous investigations and observations on Citrus gum diseases had 
led, tlierefore, to three general hypotheses: (i) That gum diseases were 
brought about by organisms capable of infecting and invading the tissue 
under certain contributing conditions ; (2) that gum diseases were due to 
wounds or other external stimuli other than microorganisms acting 
immediately on the parts affected; (3) that gum diseases arose auto- 
genously being due to internal derangements of the host brought about 
by or without the influence of certain factors of the environment acting 
on the host as a whole. 


pythiacystis gummosis 


Pythiacystis gummosis, with its associated rot of the fruit, is probably 
the most widespread and destructive of the Citrus gum diseases. The 
most striking features of the disease on the common lemon,* which is 
the most susceptible form, are copious exudations of gum and large dead 
patches of bark on the trunk, followed by yellowing and dropping of 
leaves. On old sweet-orange trees and other partially resistant forms, 
the dead patches are usually smaller and show a greater tendency to 
become self-limited. 

In the earlier stages of the disease (PI. i, A; 3, A; 5, A) the extent to 
which the bark is invaded by the fun^is can only be determined by lightly 
scraping the thin surface of bark in the vicinity of the exuding gum 
until the green color is seen. Hie margin between the invaded tissue 
and the sound bark then shows only as a difference in color, the normal 
green shading off gradually into a drab. The bark is not softened but 
remains firm. After a considerable time it becomes sunken and begins 
to crack longitudinally. 


* In this connection it should be mentioned that Smith US) was also among the first to accept the concilia 

skms to which the first experimental work by Fawcett (,24) led, although these were opposed to the 
vtews which he bad formerly held . . , 

• The names of species and varieties of Citrus will be used in accordance with Swingle (dj), as follows; 

eosnmon lenvm, Cthwi Itmonia Osbeck; rough lemon, a horticultural variety of C. Itmonta Osbeck; sweet 
orange, C. smmsis Osbeck; sour orange, C.qrvndU Osbeck; citron, C. medtea Linn; trifoliate oranp.Pen- 
(Pihw tnfoUata Raf , The word lemon when used alone will refer to the common lemon and the word orange 
to the sweet orange. « 
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On healthy, rapidly growing lemon trees the area of killed and dark- 
ened bark, elliptical to irregular in outline, is usually 15 to 30 cm. in 
vertical length and half that in width, when the gum first becomes 
apparent. By that time the fungus has been invading the tissue usually 
for a period of from two to four months. The removal of the bark at 
this time will show that the outer margin of the invaded zone is about 
coextensive with that seen on the surface (PI. 3, B). Most often* in 
young trees the death of the cambium and inner bark precedes slightly 
the death of the outer bark. The upward extension from the point of 
infection is usually many times its lateral and usually much greater than 
its downward extension. 

In the cambium region surrounding an actively invaded area evidence 
of an influence extending from the margins of the dead bark will be found. 
There is simply a production of clear, watery gum which seems to origi- 
nate in the region of the embryonic wood among the live cells without 
any apparent fermentation or decay. This region which is not yet dark- 
ened beyond the invaded portion, will be spoken of in this paper as the 

outer gummous zone." It may in time extend considerable distances 
upward and downward and small distances laterally from the margin of 
the invaded zone. It has been traced for 60 and 90 cm. upward. The 
extent of this outer gummous zone varies especially with the age and 
rapidity of development of the disease lesion and the condition of the 
tree. In some cases it is much larger than the invaded zone and in others 
much smaller. 

The inner surface of the bark in the invaded zone in a lesion of con- 
siderable size varies from mineral brown to burnt umber or fawn color ® 
and the same discolorations will be found on the surface of the wood just 
at or beneath the cambium. (PI. 3, A, B.) The discoloration does not 
extend far radially (usually only 2 to 5 mm.) into the woody layers. 
The cambium region in the outer gummous zone is chamois to yellow 
ochre in color, fading out gradually at the margins into the normal white 
color of the sound woody surface. 

Frequently when the bark is irregular in contour, gum pockets will be 
formed, 2.5 to 5 cm. in longest axis, due to the rapid and unequal forma- 
tion of gum. The gum accumulates near the cambium and by pressure 
separates the bark from the wood at certain places, forming definite 
pockets. The pressure is usually relieved by a break in the bark before 
the pockets become large. A few deeper gum pockets of considerable 
size have also been found, situated in the outer gummous zone, beneath 
layers of wood 3 to 6 mm. in thickness, showing accumulations of gum 
under pressure. The gum, which is watery and clear when first formed, 
hardens as it comes to the surface, apparently by loss of water, and finally 
becomes brittle. On the surface the hardened gum usually ranges from 
mahogany to chestnut in color.® The gum accumulates on the surface 
in long narrow ridges (PI. i, A, B; 4, A; 5, A, D; 7, A) or in oval masses, 
or runs down and collects in masses on the soil, depending upon the 
rapidity of formation and the dryness of the air. During periods of 
heavy dews and rains it gradually dissolves and disappears (PI. i, D; 

5. E). 

Only in rare cases where the surface of the bark is moist during the 
development of the disease is there any sign of fungus development to 


* niPOWAY. Robert. COX.OR stanoarps and cou>s ttoumoLATtJttA , 43 P • 53 col. pi. WashmgtojB, 
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he detected without a microscope, and even then it is somewhat difficult 
to see because of the hyaline nature of the vegetative hyphae. The in- 
vading hyphae frequently die out rapidly behind the marginal fringe of 
-advance, and quite often they die out completely over a part or all of 
this outer margin, so that progress of the disease is checked or entirely 
.arrested. Such cases are often found in trees having some resistance, 
especially in orange and pomelo trees, or where the weather conditions 
subsequent to infection become unfavorable to the parasite. 

In trees on which the disease has been present for a long time, the 
dead bark over the invaded portions dries, shrinks, and cracks. The 
larger cracks are mostly vertical, with smaller horizontal cracks (PI. i, 
2, D, E; 5, E, F). A thin layer of the wood immediately under the 
invaded bark will usually be found to be infiltrated with hardened reddish 
brown gum which protects the under layers from rapid drying out and 
appears to protect Uie wood to a considerable extent against the entrance 
-of wood-rotting fungi. 

On old sweet-orange trees, the invaded areas are usually less extensive 
and more restricted laterally than on the common lemon. There is 
usually less gum than on the lemon. With the orange there is greater 
tendency than with the lemon for the invading fungus to die out — for 
the invaded area to become self-limited. Frequently the invaded areas 
on old sweet-orange trunks extend upward from the soil surface as narrow 
tongues of killed bark. On younger and frequently on older vigorous 
orange trees growing on heavy clay soils the disease may assume much 
the same characteristics as on the common lemon. 

ISOLATION AND IDUNTIPICATION OP PYTmACYSTlS CITROPHTHORA 

Culture tests were made from different parts of gummosis lesions, 
beginning at the center of a lesion and taking samples about i cm. apart 
upward, downward, and laterally from the center. A number of organ- 
isms were found, as would be expected, in the dead and discolored bark 
tissue. From recently killed and dying bark tissue at the advancing 
-margin of the darker areas (invaded zone) a fungus was obtained which 
was afterwards found to be identical with that producing brownrot 
mentioned by Smith and others (57) of lemon fruits and which, even 
before its identity with Pythiacyshs was known, was shown 

to be capable of reproducing the same type of bark disease. Beyond the 
margin of the killed areas, however, all through the outer gummous 
zone the inner bark tissue was usually found to be entirely free from 
microorganisms, although internal gumming had set in 15 to 60 cm. 
above and somewhat less below the margin of the killed tissue. 

Pyihiacystis citrophthora was first isolated from the bark of diseased 
lemon trees in September, 1912, at Whittier, Calif., but its identity was 
mot recognized at that time. 

The method which the author finally found most useful for determining 
the fungus was to cut out with a sterile scalpel small bits of diseased 
tissue from the margin of the invaded portion and place them in tubes 
^<k com meal agar. After two to four weeks' growth on this medium 
the characteristic sporangia were formed. By this method pure cultures 
were readily obtained, and when other organisms were present as con- 
taminations PyihiacysHs cUrophthora could be identified by its character- 
istic sporangia. The Pythiacystis may readily be separated from con- 
taminating fungi by transferring the mixed culture to a jar of water 
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containing lemon fruits. The Py^ac3rstis will enter the fruit and pro- 
duce browurot, leaving the associated organisms behind. It may ihen 
be isolated more easily as a pure culture from bits of the infected fruit. 

After the discovery that PyihiacysHs ciirophthora was capable of 
inducing the disease it remained to be shown that this fungus was com- 
monly present in connection with this type of gummosis. Accordingly, 
a survey was made of various Citrus locsdities in California. During the 
investigations (1912-1916) P. ciirophthora was isolated 109 times from 
the diseased bark of 68 Citrus trees, representing about 30 different 
orchards in 10 counties of California, extending from San Diego on the 
south to Butte County on the north. It was also isolated from one 
locality in Arizona (Table I) . In addition, the fungus was reisolated in 
40 different cultures from 20 cases of gummosis produced by inoculation. 

Tabi<e I . — Isolation of Pyihiacysiis ciirophthora from gummosis lesions from natural 

infections 


Variety. 

Season. 

Number of 
localities. 

Number of 
trees 

Number of post- 
tive cultures. 


1 

SorinfiT 

2 

14 

19 

20 

21 

hemon 

' Summer 

8 

32 

25 

12 


Fall 

6 


rSDiinfif 

5 

4 

e 

Sweet orange 

Summer * . 

0 

4 

0 


Fall 

2 


y 

4 

Pomelo 

fWinter 

I 

I 

4 

iSorinc 





I 

X 

2 







These 109 cultures were obtained from 53 lemon trees, 13 sweet-orange 
trees, and 2 pomelo trees. All of the lemon, 9 of the sweet-orange, and 
the 2 pomelo trees were affected with typicd gummosis of the trunks 
with the invaded portions of bark extending some distance above the 
surface of the soil. Four of the orange trees had lesions low down, near 
or upon the main roots, as is typical of mal di gomma or footrot lesions. 

Although many isolation cultiure tests were made from various por- 
tions of ttie affected bark, including the outer gummous zone, and even 
some of the unaffected tissue, all of the successful isolation cultures 
except one were obtained from the advancing margin or outer fringe of 
the invaded zone. Isolation tests were made every month in the year 
except during January and February, and cultures of the fungus were 
obtained during each of the 10 months. The secondary organisms most 
commonly obtained in cultural tests from the older portions of the 
invaded zone back of the margins were species of Fusarium, Altemaria, 
Cladosporium, and Colletotridium, and a large number of bacterial 
species. 

INOCULATIONS WITH DISEASED TISSUE 

Even before the causal fungus was discovered the infectious nature 
of the disease was determined by means of a large number of inocula- 
tions with diseased bark, the results of which are represented by the 
following typical examples. 

On February 27, 1912, at Chula Vista in San Diego County, the follow- 
ing inoculations were made on i6-year-old lemon trees hi .heavy soil. 
The inocula were inserted into vertical cuts about 2 cni. long, made 
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through the bark of healthy tree trunks; after first washing the surface 
with water and with alcohol. Paraffined paper was then tied over the 
cuts, consol cuts without inoculum being used for comparison. In 
these preliminary experiments, the inocula used were as follows: (i) Bits 
of diseased bark tissue from near the margin of an actively enlarging 
gummosis lesion; (2) a bit of gum-filled woody tissue taken just outside 
the area of killed bark, in the outer gummous zone; (3) a piece of exuded 
gum from the same lesion; (4) bits of bark from a sound, healthy tree 
(used as controls). A cut was also made without inserting inoculum 
of any kind. 

Of these inoculations, the first (consisting of two trees) brought about 
a development of the disease beginning at the point of inoculation. The 
other cuts all healed without any exudation of gum or visible injury to 
the bark. It will be noticed that the inoculations resulting in disease 
were made from tissue cut from the advancing edges or margins of re- 
cently killed tissue, while the others were from tissue or gum beyond this 
killed area (outer gummous zone) or from healthy bark. The develop- 
ment of the disease in one tree will be described, sine 2 it proved to be 
typical of the severe form of Pythiacystis gummosis as it occurs on lemon 
trees in the coastal sections of California. 

On April 24, 1912, about two months after inoculation, gum was 
exuding rapidly and flowing downward to the surface of the soil, 15 cm. 
below, and hardening in a 15-mm. ridge. On August 2, over five months 
after inoculation, the exterior area of discolored bark was 15 by 25 cm. 
with a copious exudation of gum, forming three ridges on the bark surface 
and with a large mass of gum on the surface of the soil (PI. i. A). The 
foliage on the inoculated side of tlie tree was beginning to turn yellow. 
On September 19, 1912, tlie area of killed bark had extended upward and 
laterally, until it occupied a space 30 by 30 cm. and covered one-third the 
circumference of the trunk (PI. i, B). On November 15, 1912, the bark 
was dead on half the circumference of the trunk and the gum had formed 
ridges on the surface. The leaves on the affected side of the tree were 
very yellow and were dropping. The foliage on the side not affected was 
still healthy and normal, lliis tree now presented the appearance 
typical of many trees in the same locality which were affected naturally 
with Pythiacystis gummosis. On March ii, 1913, a little over a year 
from the time of inoculation, only 10 cm. of the 90-cra. circumference of 
the tree contained live bark at the level of the ^eatest lateral extension 
of the disease. At the place of greatest extension upward (46 cm. from 
the surface of the soil), the disease was arrested and callus tissue had 
formed. On May 24, 1913, the invaded area had extended only slightly 
beyond that of the previous observation. Pieces cut from the margins 
of the drying bark (PI. i, D) yielded cultures of Pythiacystis citrophr 
ihora. Most of the gum first formed had been dissolved and carried away 
by the rains. The bark on the side first affected had dried and contracted, 
showing longitudinal fissures just like those seen in old naturally occur- 
ring cases. Gum was exuding on the margins of the killed bark. In 
every respect this was a typical case of the form of gum disease due to 
P. dtrophthora. On September 3, 1913 (18 months after inoculation) 
only about 5 cm. of live bark remained on the circumference of the trunk 
(PI. I, C), and the tree was considered useless from a commercial stand- 
^int. 
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Many other series of inoculations were made with tissue from Pythia- 
cystis gummosis lesions in different localities, varying widely in climatic 
and soil conditions, with the same general results as to type, and progress 
of the disease. Inoculated trees contracted the disease just as readily 
on light sandy soils in orchards in which Pythiacystis ^mmosis had never 
occurred before as in orchards on heavy soils in which the disease had 
previously prevailed (PI. i, E, F). Variations in the development of the 
disease in individual trees and at various seasons of the year are indicated 
in Table II, which summarizes some of the inoculations with tissue from 
diseased lesions. 


Tabi^K II . — Inoculations on trunks of i 6 -vear-old lemon trees at Chula Vista, with 
tissue from diseased lesions * 


Experiment No 

Pate of inocula- 
tion. 

Date of observa- 
tion. 

Size of area > 

Gum formation > 




Cm 




fMar 24, 1912 

— 

3 (PI. i.A^ 



Aug. 2, igi2 

=5 by IS 


Feb. 27, 1912 

Sept 19, iQia 

30 by 30 

3 bb I, B.) 

I 

Nov. 15, 1912 

33 ^^y 30 

I 


Mar II, 1913 

48 by 80 

— 



May 24, 1913 

— 

I (PI. 1, D.) 



,vSept. 3, 1915 

— 

3 (PI- I. C.) 



/Nov. 15, 1912 

— 

3 (PI. X. F-) 



Mar. 11, 1913 

20 by II 

3 



May 24, 1913 

38 by II 

3 

a 

Sept. 21,191a 

July 9, 1913 

60 by 13 

— 



Sept. 3, 1913 

66 by 15 

— 



Oct. 31, 1913 

68 by 16 5 

2 



Apr. 18, 1914 

75 by 16. 5 

— 



Nov. 15, 1912 

— 

3 (PI. I. E.) 



May 24, 1913 

49 by 22 

2 


. . . .do. 'L 

July 9, 1913 

60 by 22 

3 



O'*'** • 


Sept. 3, 1913 

66 by 22 

— 



Oct. 31, 1913 

70 by 22 

— 



Apr 19, 1914 

84 by 22 

— 



Feb. 6, 1913 

— 

3 



Mar. 11, 1913 

13 by 8 


4 

Nov. 16, 1Q12 

May 24, 1913 
July 9, 1913 

29 by 13 

46 by 33 

a 

3 



Feb 6, 1Q13 

— 

0 



Mar. II, 1913 

7- 5 by s 

I 



May 24, 1913 

16 5 by s 

3 

s 

.... do ^ 

July 9, 1913 
Sept. 3, 1913 

16. S by 5 

21. s by 7. s 

- (PI. 7 * 



Oct. 31, 1913 

23 by 10 

3 


1 All experiments except No. x were made on trees Rowing in light sandy soil. 

* The first number gives the greatest extension vertically and the second number the greatest extension 
horizontally. This applies al'to to similar data in the tables that follow. 

*o«-none; x"*sUght; a-*medium; 3— copious; a dash indicates that no data were obtained. 


INOCULATIONS WITH DISBASBD FRUITS 

After it seemed probable that the fungus commonly associated with 
Pythiacystis gummosis was the same as that causing brownrot of lemon 
fruits, Pythiacystis citrophthora, it was of interest to determine whether 
the disease could be induced directly from the brownrotted fruits, either 
in wounds or on uninjured tissue. 
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Experiments were made (i) by inserting pieces of lemon fruits affected 
with the brownrot into incisions made in the bark of healthy lemon 
trees; (2) by placing similarly affected lemon fruits in contact with the 
roots or trunks of healthy lemon trees and covering them with moist 
soil; and (3) by placing affected lemons, as in experiment 2, at the root 
or Irunk of orange trees budded on both the sour- and the sweet-orange 
stocks. 

In a typical experiment of the first kind, a piece of diseased lemon rind 
was inserted into a cut in the bark of a 19-year-old lemon tree 20 cm. 
above the sweet-orange stock, on February 26, 1913. A control cut not 
inoculated healed rapidly without gumming, but in 45 days the inoculated 
cut showed definite evidence of infection. The killed bark area enlarged 
from 4 by 7.5 cm. in 70 days to 28 by 82 cm. in about 13 months after 
inoculation (PI. 2, A, B, C). In about 18 months the killed area reached 
extreme dimensions of 35 by 125 cm., one-third of this length being upon 
the sweet-orange stock (PI. 2, D) ; tlie leaves were now yellow and drop- 
ping on the affected side. Cultures were made from the bark and Pythia- 
cystis was obtained, but only at the advancing discolored margins of the 
area where the bark was killed through to the wood . Specimens taken 
from other places in the diseased tissue, and from the live tissue just 
outside the diseased areas, either yielded other organisms or were sterile. 
Among the organisms found both inside and outside the area of reoent 
invasion were species of Colletotrichum, Alternaria, and Cladosporium, 
and also species of bacteria. 

The disease having been produced by inoculation from diseased fruits 
into cuts in the bark, it now became of interest to determine whether 
infection could originate from diseased fruit placed near uninjured bark. 

On May 13, 1913, at Whittier, several lemon fruits affected with 
Pythiacystis-rot were buried in the soil near the trunk of a small lemon 
tree growing in a large earthen pot. The soil was heaped up against the 
trunk and kept moist by frequent watering. A similar tree in another 
pot received the same cultural treatment without the diseased fruit. 
During the summer of 1913 no results of infection were noted. When 
next examined, in March, 1914, the first tree was seen to be badly affected 
with typical Pythiacystis gummosis, while the control tree remained 
healthy. 

In other tests on lemon and sweet-orange trees with decayed fruits, 
infection leading to Pythiacystis gummosis frequently but not inva- 
riably resulted. Sour-orange trees under the same conditions whether 
injured or uninjured failed to contract the disease. 

These tests, taken in connection with numerous observations in 
orchards, show that the sour-orange tree is highly resistant to Pythiacystis 
gummosis and that sweet-orange and common-lemon trees, though easily 
infected through injuries, are not otherwise readily infected except under 
the most favorable conditions for invasion by the parasite. 

INOCni^ATION WITH PURS CULTURES OP PYTHIACYSTIS CITROPHTHORA, AND 

RRISOLATION 

As a result of a large number of inoculations from pure cultures of 
Pythiacystis citrophtkora, it was shown that this fungus was capable of 
invading the bark and bringing about all the characteristic effects that 
have been noted in naturally occurring cases or those produced by 
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inoculations with diseased bark or fruit. The following is a typical 
example. 

On November 23, 1912, a lemon tree about 18 years old, having a 
trunk about 30 cm. in diameter, growing at Santa Paula, was inoculated 
by inserting a very small bit of mycelium from a culture of Pythiacystis 
citrophtkora into a 2-cra. vertical cut made 15 cm. above the bud union. 
The surface of the bark had previously been washed with water and 
with alcohol and the inoculated cut was covered with oiled paper. 

No effect from the inoculation was evident in 37 days, but in 42 days 
an invaded surface area of 5 by 9 cm. was observed, and this increased 
to 8 by II cm. in 76 days and to 8 by 35 cm. in 7 months, with copious 
exudation of gum (PI. 3, A). A similar cut without inoculum, on the 
opposite side of the same tree, healed rapidly. 

A strip of bark 10 by 68 cm., as seen in Plate 3, B, was cut out at this 
time, for the purpose of cultural examination and for enzym experi- 
ments, to be discussed in Part III of this paper. Cultures made from 
this strip of bark at various places, by cutting bits of tissue from the 
inner side, yielded Pythiacystis citrophtkora at both the upper and the 
lower margin of the invaded zone (see white line shown on the plrrtes) 
but not at points 25, 8, and 16 cm., respectively, above this killed area, 
within the outer gummous zone. 

On removal of the bark, the cambium adjacent to the dark brown or 
blackened area appeared yellowish. This discoloration extended only 
slightly laterally but to a much greater distance from the margins of 
the cut upward and downward. In this outer gummous zone interior 
gum had formed in places 60 cm. or more upward from the killed and 
invaded margins. The causal organism, as indicated by isolation tests 
in numerous other cases, does not extend into this outer gummous zone. 
To remove the causal organism in treatment, therefore, it is necessary to 
cut away the bark only a short distance beyond the discolored region. 
Experiments have shown that when this is done the gum will cease 
forming, the further extension of the yellow, gummy zone will stop, and 
the bark over it will usually return to normal condition. 

The cut-out area and surrounding bark shown in Plate 3, B, was 
painted with Bordeaux paste. Three weeks later, June 27, 1913, gum 
was seen to have continued to ooze out at the upper angle, but no further 
bark had died. The same tree is shown in Plate 3, C, in September, 1914, 
and in Plate 3, D, in June, 1920. No effect on the foliage or health of 
the tree, such as is usually seen in severe cases of Pythiacystis gummosis, 
was noticed in this tree. The organism 'was probably removed in time 
to obviate visible injurious effects. 

The results of a number of other inoculations on lemon trees with 
cultures of Pythiacystis ciirophthora are summarized in Table III; others 
on lemon, orange, and other Citrus varieties, will be found described 
under “Resistance” and “Mai di gomma.” In all, about 90 inocula* 
tions with pure cultures resulted in Pythiacystis gummosis, from 20 of 
which the organism was reisolated. 
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TablB III . — InoculaHom of Pytkiacysiis citrophthora on trunks of ig-year^old lemon 

trees at Santa Paula 


£xpcri< 

meat 

Na 

Poxt of trunk inocu- 

Date of inocuk- 

Date of observa- 

Size of kiUed bark 

Cum forma* 

laufd. 

tion. 

tioo. 

1 lesiooa. 


tion.^ 

X 

30 cm. from bud 
union, 60 cm. 
from soil. 

Nov. 23, 1912 

Dec. 

Feb. 

30. 1912 

12. 1913 

0 

10 

by 3.5 

0 

3 



Mar. 

14, tgis 

IX. 

5 by 

5 

3 


15 cm. above 
bud union. 


Apr. 

12, 1913 

18 

by 

8 

3 

3 ' 

do 

Dec. 

30. 1912 

12. 1913 

0 



0 



Feb. 

9 

by 

5 

3 




Mar. 

4» 1913 

9 

by 

i 

3 




Apr. 

12, 1913 

13 

by 

3 




May 

7> 1913 

13 

by 

8 

^ 




June 

5i 1913 

35 

by 

8 

2 (PI. 2, 
1^.3. A) 

3 

10 cm. above 

do 

Dec. 

30, 1912 

0 



0 

i 

bud union. 


Feb. 

12, 1913 

14 

by 

S 

X 




Mar. 

14 j 1913 

iS 

by 

5 

3 




Apr. 

12, 1913 

19 

by 

6.5 

3 

kt 



May 

7. 1913 

19 

by 

6*5 

- 

Trunk, 13 cm. 
above bud 

Feb. 20, 1913 

June 

s» 1913 

as 

by 

6.5 

3 


Apr. 

1913 




2 


by 




May 

7> 1913 

7*5 

4.0 

3 


union. 


June 

27, 1913 

10 

by 

6 

. 3 




July 

28, 1913 

IS 

by 

8 

3 




Oct 

23. 1913 

33 

by 15 1 

3 


1 o«*notie, I —slight, s— medium, 3— copious. 


These typical examples show that the general development of the 
disease was the same with inoculations with pure cultures of Pyihia- 
cystis citrophthora as it was with the inoculation with bits of diseased 
bark or fruit previously described. A period of slow development for 
2 to 4 months is followed by copious gumming and rapid development* 
resulting in large invaded areas in 6 to lo months. Later the rate of 
increase is again comparatively slow and is frequently partially checked. 
It is believed that the accumulation of gum in the outer gummous 
zone is a material hindrance to the rapid advance of the fungus. This 
feature of the disease is discussed in Part III of this paper. 

A partial representative list of inoculations from which Pythiacystis 
citrophthora was again isolated, with the date and the size of invaded 
areas at time of isolation, is shown in Table IV. 


Tadi,B IV . — Representative inoculations of Pythiacystis citrophthora 


Date of inoculation. 

Date of rcisolaticm. 

Size of invaded 
area. 



Cm, 

23 by 10 

46 by 

47 by 8 
35 by 8 
25 by 6 
95 by 46 
33 by 1$ 

48 by IS 
IS by 5 
25 by 8 

8 by 5 
30 by 10 
46 by 13 
30 by 


Tulv 10. loi'? 



Aor. 12. iQXt 

Do . , . ^ 

Tune lox^ 

Do 

do. 

Feb. 26, >'9^3 

Feb. 7. 101*1 

Do 

Oct. 22, 1913 i 

Tulv 12. 1012 

May 0. X0X4 

f atAj *• 

Oct. 9, 19x4 

TCJj 1914 r r — - - T T - - . ^ - 

Oct. ^4, X9T4- , r - - r - f-t tT T - t * - 

Aor. 7. xoK 

Feb. *t. Tore 


Mar. A. lotc 

do 

Tki 

do 

Anr. 0. totc. 

do. 

v> 
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As is shown by Table IV, the fungus was msovered in different cases 
from I to nearly 12 months after inoculation and from margins of different 
invaded areas vaiying from 8 to 95 cm. in vertical extent. Since the 
fungus was isolated most frequently at the upper margin of the invaded 
area, the distances from the original point of inoculation at which the 
fungus was recovered was frequently more than one-half that of this 
vertical extension, because the areas usually enlarged upward mudbi 
faster than downward or laterally, as previously pointed out. 

The severe inoculation test to which this fungus was subjected in order 
to establish its causal relation to this type of gummosis is indicated by 
an example of the repeated isolations, inoculations and reisolations of 
one of the strains of this fungus, over a period of three years. Isolated 
in September, 1912, its record was as follows: 


Date of inoculation. 

Date of rcisolation. 

Size of lesions. 

Nov. 23, 1^12 

Anr. 12, loit 1 

Cm. 

47 by 8 

48 by 15 

Tune It, loit 

May 0. 1014 

Mar* 4> 1915. - * 

Sept. t. 101 1 





The fungus was thus in the bark of the three trees for periods of abtJht 
5, II, and 6 months, respectively, and between these periods in cultures 
for about 2, 2, and 10 months, respectively. Transfers from the original 
culture which were kept alive for over 8 years, on commeal-agar 
medium, were still capable of producing brownrot of lemon fruits when 
tested in 1921. 

INOCUl,ATlONS WITH PYTHIACYSTIS ClTROPHTHORA ON DIFFERENT PARTS OP SAME TREES 

After the results of the first inoculations began to indicate that 
Pyihiacystis citrophthora was the causal agent in this type of disease, it 
became important to find out the effect of the fungus when introduced 
into different parts of the same tree. Inoculations were made on roots, 
trunk, and branches of various ages, as shown in Table V. 


Table V . — Inoculations with Pyihiacystis citrophthora July rj, XQIJ, at different locations 

on same tree 



Length and width of killed bark areas. 

Final extreme 
distance from 

Part of tree inoculated 


19x3 


X914 

place inocur 
lated. 


July «7- 1 

Sept 13. 

Nov. as. 

Apr. 9. 

May 9. 

ward. 

Down- 

ward. 

Irarge root (swcet-oranm 

1 

i 







stock), 15 cm. below bud 

union (PI. 4. B) 

Orange bark of stock 5 cm. 
below bud union (PI. 3, 

1 Cm. 

3. S by X. 8 

I 

Cm. 

Cm. 

Cm. 

X3 by 4 1 

Cm. 

*4 by s 

Cm. 

9 

Cm. 

S 

D) 

Ijemon trunk, X3 cm. 
above bud union (Pi. 4, 

4 by I 8 

10 by a. 5 

a 4 by 10 

43 by X 3 

48 by xs 

40 j 

8 

B) 

Lemon trunk cm. 

above bud union iust 
below crotch 

S by a. 5 

a. s by 0. 6 

as by TO 

13 by 4 

so by as 

34 by 9 

S 3 by as 

36 by 9 

08 by as 

36 by 9 

40 

aa 

Limb 8 cm. in diameter. . 

a. 5 by 0. 6 

aoby 6 

33 by 8 

33 by 8 

.13 by 8 

ao 

ij 

Limb s cm. in diameter. . . 
Limb $ cm. in diameter. . . 

30 by 5 
a7by 1.3 
xoby 5 
*8 by 5 

0 

30 by 5 

1 30 by a. 5 

15 by s 

aa by 5 

0 

30 by 5 

30 by a. s 
xsby 5 
aa by s 
e 

x8 

ta 

Limb a.s cm. in diameter . 
Limb 3 mm. in diameter . 
Controls, not inoculated. . . 

0 

10 by 5 

xsby s 

0 

to 

0 

9 

7 

0 
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Th6 control cuts not inoculated healed without gumming or dying of 
bark. All cuts inoculated with Pyihiacysiis citropht^ra resulted in killing 
of the bark accompanied by exudation of gum. The areas on the branches 
had nearly reached their maximum size when examined on November 25, 
1913, 104 days after inoculation. A slight increase in some of them took 
place previous to the next April, at which time they had ceased to enlarge 
and had become self-limited, as was shown by subsequent records in 
Table V. The fungus apparently died out of these limb lesions, as no 
evidence of it could be found later. 

The inoculation on the orange root resulted in gumming and killing of 
some bark in two weeks and continued gumming for about four months. 
This lesion (PI. 4, C, lower area) became self-limited after an area 14 by 
5 cm. had been killed and later resembled self-limited typical footrot or 
mal di gomma lesions as they often occur naturally on orange trees in 
Florida. 

The diseased area resulting from inoculation on the orange bark 5 cm. 
below the bud union enlarged at about the same rate as that on the root 
for t^e first two weeks. After it had spread to the lemon bark, however, 
at Ammud union, the progress upward was rapid. By May 9, 1914, the 
kilmxr area was 48 by 15 cm. (PI. 4, A, B), only 8 cm. of this extension 
being downward on the orange bark. Of five cultures taken about 10 
months after inoculation from the margin of the invaded area (see chalk 
line on PI. 4, A), three developed Pythiacystis citrophthora. Further 
extension of the area was prevented by cutting out the bark (PI. 4, B) 
and painting the trunk with Bordeaux paste. 

The result of the inoculation made on the lemon bark on the opposite 
side of the same tree a few centimeters above the bud union is shown in 
Plate 4, C, the killed area being at this time (April 9, 1914) 53 by 25 cm. 
with large quantities of gum exuding on the surface. 

COMBINED EFFECTS OP PYTHIACYSTIS CITROPHTHORA AND FUSARIUM SP. 

During the examination of a large number of naturally occurring cases 
of Pythiacystis gummosis it was noticed that a species of Fusarium fre- 
quently accompanied and was closely associated with Pythiacystis 
citrophthora in the diseased tissue. The question arose as to whether the 
Fusarium played any part in the development or the severity of the 
disease. 

Fusarium has been mentioned frequently in literature as having some 
possible relation to certain types of gum disease. Briosi (ji) and 
McAlpine {46) concluded that Fusarium limoni Briosi played an impor- 
tant part in mal di gomma in Italy and Australia. Earle and Rogers 
(21) , though not able to produce gummosis by inoculation with Fusarium, 
believed that under certain conditions it was probably a factor in a certain 
type of gum disease in Cuba. The writer had previously also found 
species of Fusarium repeatedly associated with mal di gomma or footrot 
in Florida, but inoculations with them had been negative. 

Cuts, as before, into which bits of pure cultures of Pythiacystis citroph- 
thora and Fusarium sp. were placed side by side were now made on lemon 
trees. At the same time inoculations into other similar trees were made 
with P. citrophthora alone and others with Fusarium sp. alone. The 
main results are given in Tables VI and VIL 
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TabIv^VI . — Imculaiion tests with Pyihiacystis ciirophthora ahne, compared with those 
with P, citrophthora plus Fusarium sp, 

INOCULATIONS MADB LOW ON TRUNKS OP Ip-YBAR-OL© LUWON TRBgS, PKBRUARY 

20. 1913 


Date of observation. 


Apr. I. . 
May 7 , . 
June 27. 
July 28. 
Oct. 23 . 
Nov. 25. 


1913. 


P. citrophthora alme. 

Size of lesions. j 

Gum 

formation.* 

Cm 

0 

I 

7 -Sl>y 3-8 

3 

10 by 6.3 

3 

15 by 7 -S 

3 

33 by 13 (treated). 

3 




P. citrophthora and Fusarium sp. 


Size of lesions. 


Cm. 


O. 

6.3 by 2.5. 
13 by 4. .. 

58 by 18, . 


Gusn 

fQrma4io«L.i 


INOCULATIONS MADE HIGH ON TRUNKS OP 2I-yEAR-OLD LEMON TREES, PEBRUjl'^^Li, 

I9IS ^ 

- 


1915 

Mar. 4 

Apr. 21 

May 18 

Sept. 4 


Cm* 

O 

2.5 by 2.5. 
6-5 by 2.$. 
8by s.... 


0 

Cm. 

0 

I 

S by a-S 

2 

9 by 7 

2 

38 by IS 


i o*»uone: i""sU2ht; a>-’medium: 3—copious. 

Table VII . — Inoculation with Fusarium sp. at Santa Paula* 


Exper- 

iment 

No. 


Maximum results as to-~ 

Date of inoculation. 

Oum.i 

Initially killed 
bark at inocu- j 
lation pomt.i 

Cracking of 
outer bark.^ 

j 

I 

Nov. 22. 1012 

2 

I 

I 

2 < 

do, 

I 

0 

I 

2 ! 

Feb, 20, 1913 

0 

I 

0 

0 ; 

4 

do 

0 

I 

2 

1; 

Mar. 14, 1913 

I 

I 

I 

6 

do 

0 

I 

1 

i\ 

do 

I 

I 

I 

Feb. 2c. loTC 

0 

I 

0 

Control cuts without inoculum, to correspond with 

eaf!!h of the nhov^ . 

I 

0 

0 



1 ^ 




toMQone; z<» slight; 3>*me4tum. 


The progress of the disease on the tree inoculated with Pythiacystis 
and Fusarium on February 20, 1913, is more completely shown by 
Plate 5. The invaded area which was 58 by 18 cm. on November 25, 
1913 {PI. 5, B), the last date given in Table VI, had increased to 90 
by 41 cm. on February 6, 1915 (PI. 5, C-F). Extension verticaHy 
remained at 90 cm., but the lateral extension had increased to 61 cm. 
by March 9, 1916; and subsequently the entire circumference was 
encircled and the tree killed by the disease. 
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In the comparative inoculations with Fusarium alone on February 
20, 1913, and February 25, 1915, No. 3 and 8 (Table VII), only a narrow 
layer of tissue along the cuts was killed, without exudation of gum. 

A thin outer layer of bark subsequently died about one inoculation, but 
otherwise the effect was not different in either case from that produced 
by the uninoculated cuts on the same trees. In a numljer of other 
inoculations with species of Fusarium associated with gummosis shown 
in Table VII, only slight effects in killed tissue and only slight to medium 
effects in gum formation were obtained. 

Although the experiments on this phase of the question have been 
too few as yet to justify definite conclusions, the results suggest that 
the severity of the disease may be slightly increased by adding Fusarium 
Sp. to Pythiacystis ciirophthora at the time of inoculation. The char- 
acteristics of the disease except in rapidity of development, however, \ 
were the same as when P. citrophihora was inserted alone. 

RESISTANCE or DIFFERENT SPECIES AND VARIETIES OF CITRUS TO PYTHIACYSTIS 

GUMMOSIS 

Among the Citrus species and varieties that have been tested, the 
common lemon has the lowest resistance to Pythiacystis gummosis and / 
the sour orange the highest. The sour orange usually is so resistant 
to Pythiacystis attack that even when the most favorable conditions 
are given by inoculation in wounds there is only a slight gumming with 
rapid healing of the wounded tissue and with total failure to produce 
a diseased lesion. The sour orange is also highly resistant to all other 
infectious gum diseases of importance. Mere gum formation, however, 
may be induced by suitable stimuli in sour orange as well as in other 
species and varieties. Of the forms which have been most used for 
stocks, the trifoliate orange probably stands next to the sour orange 
in resistance and the sweet orange next to the common lemon in sus- 
ceptibility, with the pomelo and the rough lemon between thevSe two. 
Because these stocks are grown from seed there is a large possibility of 
variation in resistance within each variety, due to differences between 

strains,” and observations have indicated that such variation actually 
exists. The following observations and experiments indicate in a rough 
way the relative resistance of some of the species and varieties. 

A block of 5,000 sweet-orange seedlings about years old, growing 
in nursery rows on medium heavy clay loam soil, had been planted 
adjacent to a block of 15,000 sour-orange seedlings of the same age 
and having the same care. All the trees had been irrigated rather 
frequently and heavily. On October 21, 1914, four representative rows 
of sweet-orange trees showed the following percentage of Pythiacystis 
gummosis: 


Row No. 

Number of 
trees in row. 

Number of 
affected trees. 

Percentage 

affected. 


322 

ai3 

212 

180 

Sa 

63 

S 3 

a 3 

34 

29 

29 




Xotlll . It .r....TrT--T 





29 


DBH 

nnnniiii 
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On some trees only a small lesion was evident with much gum exud- 
ing, on others the bark was killed to a distance of 15 to 30 cm. above 
the soil, with an abundance of gum, and still other trees were dead. 
Some trees showed a strong tendency to form ridges of callous tissue 
along the edges of the dead strips of bark. A thorough search in the 
block of sour-orange t^es failed to reveal a single tree affected. 

Differences in resistance are indicated further by an estimate made by 
W. M. Mertz in a nursery of Citrus seedlings about 2 years old grown at 
the Citrus Experiment Station. The following is the percentage of gum 
disease (probably Pythiacystis gtmimosis) which was recorded : 


Species. 

Kumber of 
trees. 

Percentage 
with gummosis. 

Citrus aurantium (sour orange) 

I, 000 

0-3 

Pcncirus trifoliata (trifoliate orange) 

I, 000 

I. 0 

Citrus grandis (pomelo) 

I, 000 

2-5 

Citrus sinensis (sweet orange) 

2, 000 

zo. 0 


The inoculations recorded in Table VIII were made on trees about 2 
years old from seed, by cutting through the bark on the stem not far from 
the soil and inserting bits of the mycelium from cultures of Pythiacystis 
ciiropkthora grown on sterilized orange wood. Oiled paper was tied over 
the cuts. 


TablU yill.^Inoculations made May 15, IQ 16 ; observations July 2, 1915, when the 

plants were pulled up 


Host. 

Number of 
plants. 

Results 

Rftiir nrtm^ro . 

% 

No gum on exterior. One shows interior gum. All 
healing normally. 

No gum. Healing normally. 

Two trees gumming copiously; long strip of bark 
killed. Two trees no gum on surface; wounds 
healing. 

Bark killed slightly on edges of cuts without gum 
on exterior, healing rapidly. 

Rough lemon 

5 

Sweet orange 

Pomelo 

a 


0 


Of the four forms tested in this experiment, sweet orange showed the 
greatest effect, pomelo less, and sour orange and rough lemon’ showed 
no appreciable effect from the inoculation. The weather was very hot 
and dry during the experiment and thus not very favorable to the fungus. 

On February 6, 1915, inoculations into the trunks of 21 -month-old 
seedling sour-orange and rough-lemon trees were made at Santa Paula. 
A branch of a young common-lemon tree close by was inoculated at the 
same time. The results on May 18, 1915, were as follows: 

The inoculated sour-orange cuts healed rapidly, with slightly more 
gaping of the wound than in the controls, while the rough lemons showed 
a small amount of dead bark next to the inoculated cuts, which were also 
healing rapidly. A slightly lower resistance of the rough lemon than of 
the sour oran^^e was indicated. On the common lemon, however, the 
leaves had withered on the inoculated branch, the bark was killed 


V The rough lemon is thought to be e hybrid. It is used largely for stocks in Florida and should not be 
confused with the oomsnon lemon. 
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around the branch for a distance of 8 cm, below the wound, and a large 
quantity of gum had formed. The control cuts on all three varieties 
healed perfectly without gumming or evident injury to the trees. 

On July 2, 1913, inoculations were made at Whittier, with Pythiacysiis 
citrophthora in cuts on the bark of sour-orange, sweet-orange, and a number 
of young deciduous fruit trees. The results on September 26, 1913, are 
given in Table IX. 


Table IX. — Comparative inoculations with Pytkmcystis citrophthora into Citrus and 
deciduous fruit trees. Inoculations made July 2, igiy observations, September 26, 
1913 


Inocu- 

lation 

No. 

Host 

Results. 

I 

Soitr-orange stock (Valencia orange 
scion above). 

Slight gumming, but healing rapidly. 

2 

sSoiir-orange stock (Valencia above) 

Healed perfectly, no gumming. 

3 

Sour-orange stock (lemon above) 

Healed with swollen scar only. 

4 

Valencia orange scion, hardened tis- 
sue (sour-orange stock below). 

Gumming copiously with killing of 
small amount of tissue. 

5 

Valencia orange, same tree as No. 4, 
younger tissue. 

Gumming copiously; 15-cm. strip of 
bark on one side of twig killed. 

6 

Control cuts on sour-orange and on 
Valencia orange bark (not inocu- 
lated). 

Almond (2 trees) 

All healed perfectly without visible 
gumming on surface. 

7 

Gum exuded. Tissue slightly killed 
beyond cut. 

8 

Almond (control, not inoculated) 

Healed perfectly without gumming. 

9 

Peach (i2-mm. stem) 

Much exuded gum. Bark killed 5 by 
1.3 cm.; killed wood 8 cm. long. 

10 

Peach (control, not inoculated) — 

Healed perfectly with slight gumming 
Gumming, outer part or bark killed 
and sunken, but healing under- 
neath. 

IX 

Burbank plum 

12 

Burbank plum (control not inocu- 
lated). 

Healed perfectly, no gum. 

13 

Pear ... . 

Healed with enlarged scar. 

14 

Pear (control). , 

Healed with slight scar. 


As before, the sour-orange bark showed high resistance while the sweet- 
orange (Valencia) bark was considerably affected by the fungus. Of the 
deciduous fruits tested, peach was most affected, almond and plum 
slightly, and pear scarcely at all. 

In Table X are shown the results of inoculation into branches of 
various species by placing bits of Pythiacystis-infected fruit into cuts. 


Table X . — Comparative inoculations on Citrus branches, October 9, 1914; observations 

October 22, J914 


Experi 

ment 

No 

Host. 

Size of discaH?d lesions 

Gum ^ 

I 

Common lemon 

Cm 

5 by 1 . 3 

3 

2 

. ...do 

5 by 1. 3 

3 

3 

Citron 

2. 5 by 0. 5 

3 

4 

do , 

2- 5 by 0. 3 

4 by 1. 0 

3 

5 

Sweet orange (Valencia) 

3 

6 

Sweet oraxige (navel) 

3 by 1. 0 

3 

7 

Sour orange 

I. 2 by 0. 5 

2 

8 

Controls 

0 

0 


io«iume: X— slight; a** medium; 3— copious. 
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^ The lesions here, though small at the time of observation, give some 
indication of dififerences in resistance. The common lemon was most 
affected, followed by the sweet orange (Valencia and navel) and the 
citron. Sour orange, as before, was quite resistant, though showing 
some effect, but was already beginning to form callus at the cut. 

Experiments to test the effect of Pythiacystis dtrophtkora on small 
roots of different species of seedlings were also made.® 

On November 15, 1915, mycelium of Pythiacystis and lemon fruits 
affected with Pythiacystis in different tests were placed on the healthy 
roots (with and without punctures) of the common lemon, sweet orange, 
pomelo, and sour orange. When last examined, on May ii, 1916, only 
the roots of the common lemon, where inoculated with Pythiacystis 
citrophthora (with punctures) and where inoculated with diseased lemon 
fruit (without punctures), were killed. The fungus was reisolated from 
the lemon root which had been inoculated with P. citrophthora. This 
experiment gives additional weight to the correctness of previous observa- 
tions that even small and medium sized roots of the common lemon are 
frequently attacked by P. citrophthora, but that the small roots of other 
varieties are quite resistant. 

Inoculations reported in other sections of this paper also give further 
indication of differences in resistance, especially as between the common 
lemon and sweet orange. The reasons for these differences in suscepti- 
bility is an interesting question in itself, which has not as yet been 
investigated. Our inoculation experiments would indicate that the 
differences in resistance in sour orange, svreet orange, and lemon, at least, 
can not be confined to the superficial layers of cells. If it were so limited 
the insertion of the parasite into cuts should cause equal effects in each 
variety, 

MAL DI COMMA IN RELATION TO PYTHIACYSTIS GUMMOSIS 

Mai di gomma, due to Phytophthora terrestria Sherbakoff, is a gum 
disease with close relationships to Pythiacystis gummosis. It has 
previously been pointed out that certain phases of the I^lhiacystis 
gummosis occurring on or near the main roots of sweet-orange trees 
are similar to tliose of mal di gomma, or footrot. 

For this reason, certain footrot-like forms due to Pythiacystis citroph- 
thora in California have previously been known by the name of mal di 
gomma according to Smith and Butler {56), 1908, and Fawcett {26). 
Since the name mal di gomma was first used in Florida to designate a 
common Florida gum disease, which is now known to be due to Phytoph- 
thora terrestria, it is proposed to restrict its use (in this country at least) 
to the disease due to this fungus. 

This type of gum disease affects, for tlie most part, the bark on the 
lowest portion of the trunk and the upper portion of the first main roots, 
mostly below the surface of the soil. Gum usually forms on the trunk 
of the tree above the soil. The inner bark and finally the wood under- 


* Boxes were constructed with one side consisting of irlass plates inserted into grooves and covered by 
a removablewooien door fastened by hooks to hold it against the glass. After the young trees had become 
established in these boxes, the glass plate was removed to make inoculations on roots that had grown out 
against it and was then replaced in its former position The assistance of Mr. £. E. Thomas, for wheuu 
similar experiments with Fusarium were made, is here acknowledged. 
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neath frequently develop a disagreeable fetid odor.® The bark dies and 
breaks away in patches, leaving bare, dead areas, which spread in all 
directions, but mostly downward, on the main crown roots and laterally 
around the trunk. Trees thus affected bear heavy crops of fruit and the 
leaves become yellow. 

Phytophthora ierresiria Sherbakoff (5j?) was first isolated by the writer 
from guiding lesions of an orange tree at Lindsay, Calif., in 1912, and 
was considered at that time to be only a peculiar strain of Pythiacystis 
citrophthora. Later, in 1914, it was isolated from mal di gomma lesions, 
as follows: (i) from a grapefruit tree at Palmetto, Fla. (2d, fig. 5); (2) 
from orange trees in Cuba; and (3) from a tangelo tree on the Isle of Pines. 
The Florida and Cuban cultures were still considered to be strains of 
Pythiacystis citrophthora and were referred to as such in publications (25, 
2d). Stevens (dr) later made an extended survey and isolated this 
species in a large number of mal di gomma cases from widely separated 
localities representing the principal part of the Florida Citrus belt. In 
the meantime, Sherbakoff (5j) had described Phytophthora terrestria as 
causing rot of tomatoes in Florida. The cultures previously isolated at 
Lindsay, Calif., and in Florida and Cuba were then examined by Sher- 
bakoff, who concluded that they were all the same species. A culture 
isolated by George Fawcett from a lemon tree in Argentina and sent to 
the writer in October, 1916, was also determined to be similar to* this 
species. Later, the writer (27) determined that Phytophthora terrestria 
had markedly different growth-temperature relations from those of 
Pythiacystis citrophthora. The vegetative growth on certain culture 
media, the method of forming sporangia, and the effect on the host 
when inoculated, are so similar, however, as to make it seem probable 
that the two are closely related species. (See inoculation experiments. 
Tables XI and XII.) 

Phytophthora terrestria is believed by some authors to be identical 
with P. parasitica Dastur. Ashby (4) has recently described a leaf- 
stalk rot of coconuts in Jamaica as being due to this latter fungus and 
states that Dastur has compared P. terrestria with P. parasitica and 
found them to be identical. Ashby has also found this fungus on tobacco 
and pineapple plants. Dastur (19) originally described his species as 
causing a disease of castor oil plants in India and later (20) found it 
attacking Vinca rosea. If P. parasitica and P. terrestria are the same 
species, a wide distribution of this fungus is indicated. 

Comparative Inoculations with Phytophthora Terrestria and Pythiacystis 

Many different series of inoculation experiments with Pythiacystis 
citrophthora and Phytophthora terrestria were made under varying con- 
ditions, the results of some of which are given in Tables XI and XII, 


• This rotting: of the wood, as well as the bark, and the acrompanymK “ fetid odor" arc believed to be due 
tnainiy to secondary organisms setting up fermentation and decay below the surface of the soil after killing 
of the bark by the primary organism While gum may be formed below as well as above the surface of 
the soil, it is dissolve readily by moisture and is usually less conspicuous below the soil surface. 
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Tabi^E XI. — Comparative effects of various strains"* of Pythiacystis citroMhora and 
Phytophthora terrestria on lemon and orange bark — Eureka lemon trunks about 6.$ cm, 
in diameter, budded high on sweet-orange stocks, at Riverside, Calif. Inoculations 
April jj, IQ13; examination May 20, 


Gum 
Ustxae.- 

a 
a 
a 

o 
3 

2 

3 

2 

3 

3 
a 

3 

3 * 
a 
o 

io«*none; i "•slight; a»'medtum, 3-><copious. 


Host and place on tree inoculation. 

Killed area. 

Eureka lemon above bud 
union. 

Orange stock below bud 
union, same tree. 

Eureka lemon above bud 
union. 

Cm. 

3 by I-3 '- 

2 by I 

2.5 by 1.5.. 

Orange below bud union . . 

0. 

Eureka lemon above bud 
union. 

4 by 2.5.... 

Same tree on orange stock 
below bud union. 

Lemon bark above bud 
union. 

Orange bark below bud 
union. 

Lemon bark above bud 
union. 

5 by 2 

30 by 18 (PI. 
6, C). 

46 by 18 (PI. 
6, C), 

Orange bark below bud 
union. 

Lemon bark above bud 
union. 

Orange bark below bud 
union. 

Lemon bark above bud 
union. 

Orange bark below bud 
union. 

Lemon and orange bark . . 

»Sby^^(Pl. 

23 by 6 (PI. 

6, D). 

19 by 5 (PI. 

6, B). 

23 by 8 (PI. 

6, B). 

(PI. 6 A).. 


Experi- 

ment 

No. 


6 

7 

8 

9 

10 

11 

12 

13 

14 

15 


Source ol culture. 


.do. 


Pytkiacystis citropktkorafrom 
lemon bark, San Diego, 
Calif. 

do 

Phytophthora terrestria from 
orm^ge bark, Lindsay, 

Phytophthora terrestria, same. 

Pytkiacystis citrophthora from 
lemon fruit, California. 

Pytkiacystis citrophthora, same| 

Phytophthora terrestria, from 
pomelo bark, Palmetto, 
Fla. 

Phytophthora terrestria, same. 

Phytophthora terrestria from 
orange bark, Cuba. 

Phytophthora terrestria, same. 

Phytophthora terrestria from 
tangelo, Isle of Pines. 

Phytophthora terrestria, same . 

Control (cut without inocu- 
lation). 


Table XII. — Comparative effects of different strains** of Pythiaeystis citrophthora 
and Phytophthora terrestria in inoculations on trunks of 20-year-old Lisbon lemon 
trees at Santa Paula. Inoculations, April g, igi4; examination, August 14, xgi4 


Experi- 

ment 

No. 

Original source of cultures. 

Organism. 

Size d dis- 
eased area. 

Gum 

formation.^ 




Cm. 


1 

Lemon tree, Santa Paula, Calif. . . 

Pytkiacystis citro- 

23 by 10 

3 



phthora. 




Lemon tree, Whittier, Calif 

do 

8by 1? 

2 

2 

Orange tree, Lindsay, Calif 

Phytophthora ter- 

i.Sby 1.3.. 

X 



restria. 



5 

Pomelo tree, Palmetto, Fla 

.... do 

8 hv A ... 

2 

0 

A 

Orange tree, Cuba 

do 

6 b v 2.1;.... 

2 

5 

Tangelo tree, Isle of Pines 

.. .do 

lobys 

! 

2 


1 x«"8light; 3— medium, 3«*copious. 
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The lesions produced by the inoculations with the two fungi were 
identical in general appearance. The characteristic manner of killing 
the bark, the formation of the outer noninvaded gummous zone, and 
the exudation of gum were the same with both fungi. Cuts without 
inoculation healed without producing disease. 

In addition to these inoculations, a number of other comparative 
inoculations with pure cultures of Pythiacystis citrophihora and Phy- 
tophthora terrestria, using fruits affected with the two fungi, were made on 
the large main roots and at the crown of old orange trees. In nearly 
all the successful inoculations of this kind, lesions resulting from the 
two species of fungi could not be distinguished clearly one from the 
other and resembled true mal di gomma or footrot lesions as they occur 
in Florida. Most of the lesions became self -limited in three to four 
months on old orange trees, after enlarging to a maximum of 8 by 10 cm., 
but some made with Pythiacystis citrophihora progressed longer and 
developed large patches, in one case spreading 25 cm. and killing a large 
main root. 

CONTROL OF PYTHIACYSTIS GUMMOSIS 

More rational control methods based directly upon a knowledge of 
the cause and development of the disease and upon the results of many 
experiments growing out of this knowledge now became possible. 
Previous control methods, though based largely on a different explana- 
tion of the cause, were partially successful because they frequently 
removed entirely the conditions contributing to infection and develop- 
ment of the disease, which conditions were formerly thought to be the 
sole cause. 

The most successful method of prevention for new plantings is obviously 
the use of the resistant sour-orange stocks budded high. This method 
was employed in Italy after the orchards were killed out by gummosis 
and has since been used largely in Florida and California. To prevent 
gummosis on susceptible stocks or on low-budded trees, the method now 
in common use in California on heavy soils is to pull back the soil from the 
base of the trunk, thus exposing the top of the first main roots and making 
a circular ridge to exclude irrigation water from standing in contact with 
the trunk of the tree. As an added preventive on soils especially subject 
to gummosis, the base of the trunk is painted with Bordeaux paste or^ 
other noninjurious fungicide. In one experiment with Bordeaux used in 
this way on about 100 acres of lemons the number of new cases decreased 
from 123 in 1912 to 16 in 1914. By a similar treatment in another 
locality with 23,837 lemon trees the number of new gummosis outbreaks 
decreased from 727 in 1912 to 113 in 1914 (from 3.5 to 0.5 per cent). In 
a third experiment with 560 lemon trees, one-half of which was treated, 9 
per cent of those receiving Bordeaux spray two previous years developed 
disease, against 2 1 per cent of those not so sprayed. 

The treatment of trees after they are diseased consists in removal of 
the bark tissue from the invaded zone and the application of a fungicide 
to kill out the fungus in small bits of tissue possibly left behind and to 
prevent reinfection (PI. 3, B-^D). No attempt need be made to cut. 
beyond the large outer gummous zone, since it has been shown that this 
does not contain the invading parasite and will recover rapidly after the 
inciting cause for the gumming has been destroyed. 


»Tbe detftiM tesults of experiments in prevention «nd control will be presented in • bulletin from 
the University of Oilifomia Agricultural Experiment Station. 
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PART XI.-GUMMOSIS DUE TO BOTRYTIS CII^EREA AND OTHER 

FUNGI 

BOTRYTIS GUMMOSIS 
INTRODUCTION 

Botrytis gummosis differs from Pythiacystis gummosis, discussed in 
Part 1 of this paper, in that it causes softening of the invaded bark in the 
early stages and produces conidiophores and spores in damp, cool weather. 
In tfie later stages the outer layer of bark is killed and becomes dry and 
hard much in advance of the inner layer, while there is a greater tendency 
than in Pythiacystis gummosis for the tree to renew the bark underneath 
the dead hard layer and there is usually also a less copious flow of gum. 
Botrytis gummosis is confined in California almost exclusively to lemon 
trees growing in the coastal regions and is usually seen on trees more than 
lo years of age. This disease should not be confused with a desquamated* 
bark (shellbark) condition in which the outer bark on old lemon trees dies, 
cracks, and breaks away in longitudinal strips, a condition which is 
somewhat similar to that frequently brought about in the later stages of 
Botrytis gummosis. Neither disease should be confused with psorosis 
(scaly-bark) of sweet-orange trees. 

The causal fungus, Botrytis cinerea Lk., depends to a much greater 
extent than does Pythiacystis citrophihora Sm. and Sm. on wounds or 
other conditions predisposing the bark to attack. 

The writer’s attention was first called to this type of gummosis early in 
February, 1912. After a period of moist, cool weather, patches of bark 
15 to 30 cm. long and half as wide presented the gray furry appearance 
characteristic of the fruiting bodies of Botrytis cinerea. In a later survey 
of the Citrus districts of California, Botrytis cinerea was usually found 
associated with this type of gummosis and was isolated from a large 
number of diseased lesions. Penicillium roseum Link,^^ Fvsarium sp., 
and several other fungji were also frequently conspicuous. 

The important question at once arose, whether any of these fungi 
might break down sound tissue and initiate conditions leading to disease 
and gum formation or whether gumming and associated death of the 
bark might result primarily from injuries or other contributing condi- 
tions, the fungi playing only a minor or secondary part, as had previously 
been assumed. It seemed advisable, therefore, to attempt to answer 
this question experimentally. 

INOCULATION BXPRRIMENTS 
Preliminary Tests 

On March 7, 1912, at Santa Paula, a preliminary set of rough inoc- 
ulations was made with diseased tissue and with fungi taken directly 
from the surface of the bark. 

Sixteen Lisbon lemon trees 18 years old, on sweet-orange stocks, were 
used for the inoculation. The portion of the bark to be inoculated was 
washed first with water and then with alcohol, and the flame of an alcohol 
lamp was quickly passed over the surface. A cut about 3 cm. long was 
made through the bark with a heavy sterilized knife. Into these cuts the 
materials for inoculation were inserted. The cuts were made at varying 

u Determination oi this species was kindly made by X>r. Charles Thom. 
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distances, ranging from 5 to 60 cm. above the “bud union.^' With every 
inoculation a similar cut, to serve as a control, was made in the opposite 
side of the same tree. A sheet of paraffined paper was then tied against 
the surface of the bark over each cut and fastened with wax at the 
upper edge to exclude rain and dust. 

The diferent kinds of inoculum and the number of trees were as follows : 
(i) Small pieces of sound bark and wood, four trees; (2) bit of diseased 
bark, two trees; (3) small bits of wood permeated with gum from outer 
gummous zone, two trees; (4) small portion of exuded gum, one tree;, 
(5) bits of dead bark containing Penicillium roseum Lk., two trees; (6) 
hyphae and spores of Botrytis cinerea, taken from rotting diseased bark, 
three trees. 

None of the inoculations with sound wood or bark, gum-filled wood 
from the outer gummous zone, or exuded gum produced any gumming 
or development of disease. All the inoculations from diseased tissue,, 
however, showed gum exudation within 2 to 4 months, and ini 
one case a lesion 8 by 15 cm. developed in 9 months. One of the 
inoculations with Penicillium roseum showed slight gum exudation in 
4 months without development of a lesion, but the other cut healed 
without gumming. All three of the Botrytis inoculations resulted 
in gummosis of the same type as that from which the fungus was. 
obtained. In one of them slight softening of the bark was noted im 
10 days. A softened area of bark which measured 8 by 2.5 cm. in 50. 
days (witli fruiting of Botrytis on the surface) had increased to 10 by 
4 cm, in 4 montlis, with copious exudation of gum some of which was- 
exuding through cracks 50 cm, directly above the cut in the outer 
noninfected gummous zone. About i year after this inoculation the 
space over which the bark was dead to the wood measured 10 by 2.5 cm., 
and this was surrounded by an irregular area over which only the outer 
bark was killed, making the entire area 30 by 27 cm. Botrytis was fruit- 
ing at various places over this area. 

A second set of experiments was then carried out. These were planned' 
to test the influence of various kinds of wounds, the influence of obstruc- 
tions in the sap current, and finally, the influence of continued pressure 
upon the bark. These experiments were made in July, 1912, on sound 
trunks of 19-year-old Lisbon lemon trees at Santa Paula. The follow- 
ing methods were used both with and without contamination with pure 
cultures of Botrytis cinerea: Cuts vertically or horizontally through the 
bark, auger holes with and without glass or wooden plugs, bruises made 
by light and heavy blows from hammers, wounds made by slicing off 
both thin and thick layers of bark, wounds made by entirely cutting off 
large areas of the bark and so forth. Constant pressure was also exerted 
against the bark with wooden blocks tightened by means of screws in an 
iron collar. 

It was difficult to make these inoculations or injuries in tree trunks in 
the open and keep them absolutely free from organisms. In attempting 
to overcome this difiiculty the following method was adopted for the 
most important of these experiments. A cloth hood to be tied to the 
tree trunk was made by fastening a piece of fumigation-tent cloth to a 
wooden barrel hoop severed on one side. Strings were fastened to the 
cut ends of the hoop and to the comers of the cloth opposite the hoop. 
The hoop was allowed to hang down. The upper strings were tied to the 
trunk of the tree just below the branches and the hoop was fastened. 
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below so as to cause the cloth to flare outward and thus protect the wound 
from falling dust and excessive currents of air. In order to prevent 
dust in dry weather, the under surface of the hood, the trunk, and the soil 
around the base of the tree were sprayed with water. The area of bark 
to be experimented on was washed, first with water and then with alcohol, 
and quickly flamed with an alcohol lamp. The augers, hammers, 
knives, or other instruments used were sterilized either by heat or by 
alcohol which was allowed to evaporate from their surfaces. Either 
grafting wax or glass slides sealed with p(utty were used as a covering in 
most of the experiments. 

There was no gum exudation or development of disease in connection 
with any of the experiments with which attempts were made to keep the 
bark free from contaminations. With the experiments in which spores of 
Boirytis cinerea were used as a contamination, however (except where 
the bark was not injured) gum exuded, and in most cases typical Botrytis 
gummosis lesions developed around the place of injury. 

The results of these experiments appeared to show that injuries were 
not sufficient in themselves to induce gum diseases. When the injuries 
were contaminated with pure cultures of Botrytis cinerea^ however, under 
the same conditions, gum formation and death of the tissue were readily 
produced. 

Inoculations with Pure Cultures of Botrytis cinerea 

Many inoculations have been made with pure cultures of Botrytis 
cinerea and the following is typical of the results. 

On July 12, 1912, spores and aporophores of Botrytis cinerea were 
inserted in a cut 2.5 cm. long, on the trunk of an 1 8-year-old lemon tree 
at Santa Paula. The wound was then covered with oiled paper. Gum 
was exuding rapidly by July 20 and continued to do so until a diseased 
area 4 by 5 cm. was noted on August 22. On November 21, there was a 
softened, dead area of bark, 15 by 5 cm., which on February 14, 1913, was 
23 by 8 cm. in size and on June 27, 1913, 28 by 10 cm., with new gum, and 
Botrytis fruiting on a part of the surface. On July 28, 1913, the main 
area was 32 by 10 cm,, and a number of smaller areas were scattered over 
the same side of the trunk. On scraping the trunk for treatment at this 
time, it was found that only a small area of bark was killed through to the 
wood, only the outer cortical layer of the remaining part being dead. 
Bordeaux paste was applied to one lateral half of the scraped portion. On 
November 25, 1913, the disease was seen to be arrested on the portion 
treated with Bordeaux, but further dying of outer bark had taken place 
on the other portion. A similar cut without inoculum made on the oppo- 
site side of same tree healed without gumming or any other apparent 
effect. 

In all, about 40 inoculations with pure cultures of Botrytis cinerea were 
made on lemon trees, most of which resulted in gummosis of the ty}>e 
represented by th^revious example. The general results of a number of 
these are given in Table XIII. 
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TabI/9 XIII . — Inoculations with pure cultures of Botrytis cinerea, on iS-year^'Old lemon 
trunks except where noted 


Ex- 

peri- 

ment. 

No. 

Date of inocula- 
tion. 

Host. 

Gum- 

ming^ 

Botrytis 
fruiting ^ 

Crai^ed 
outer 
bark 
area * 

Date of examina- 
tion 

Area killed, 
outer bark. 








Cm 

I 1 

July 12, 1912 1 

Lemon 

X 

X 

X 

July 28, 1913 

32 by 8 

2 

do 

..do.. . 

X 

0 

X i 

Mar. 9, 1916 

30 by 8 

3 

Aug. 23, iqi2 

. .do . . 

X 

X 1 

X 

. . . do 

30 by 8 

4 

Dec. 23, igi2 

do . . . 

X 

X 

X 

. . .do 

lo by 8 

5 

Feb. 20, 1913 

.do. . 

X 

X 

X 



6 

Mar. 14, 1913 

. . .do . . 

X 

X 

X 

vSept. 3, 1914 

20 by 5 

7 

July 13, 1913 

..do . 

X 

0 

X 

Apr. 7, 1914 

Very small. 

8 

do 

. . .do . . 

X 

0 

X 



9 

do 

Orange . 

0 

0 

0 

Feb. 6, 1915 

No effect. 

10 

do 

I,emon.. 

X 


X 

Apr. 2, 1914 

Very small. 

II 

. . . .do ..... 

. do . . 

X 


X 

do 

Do. 

12 

do 

.do. . . 

X 


X 

... do 

Do. 

13 

do . . 

. do . 

X 


X 

• do 

Do. 

Control cuts for each 

: experi- 






ment 


0 



0 

0 




^ x— positive; o— negative. 


With most of these inoculations made on old lemon tree trunks such 
effects as the softening and death of the bark through to the wood in the 
earlier stages, the appearance of fruiting bodies, formation of gum, and 
the subsequent development of an area of dead outer bark surrounding the 
initially invaded area and finally of an outer noninvaded gummous zone 
were found to be identical with those of cases of the disease occurring 
naturally. 

Further inoculations into cuts on young bark of several species of 
Citrus and of deciduous trees are reported in Table XIV. 

Table XIV. — Inoculations with spores and mycelium from pure cultures of Botrytis 
cinerea on young trees of Citrus, and other hosts 


I. INOCULATED JULY 2, 1913; EXAMINED AUGUST II, 1913 


Experi- 




ment 

No 

Host. 

Kind of tissue. 

Results. 

I 

Valencia orange . 
Sour orange 

Young branch 

Gumming slightly. 

Healing without gumming. 

2 

Small branch 


Lemon 

Hardened bark 

Cut tilled with gum and healing 
back of it. 





do 

Young twig 

Gum more copious than last; 
not healing. 




5 

.... do i 

Same as aliove without 

Healing without gumming. 



inoculum. 

6 

Almond 

Stem of young tree 

Gumming with small portion 



1 of bark killed at cut, then 
healed. 


7 

Peach 

.... do . 

Much gumming. Killed slight- 
ly on each side of cut. Bark 






area 6 cm, long in wood. 

8 

Plum (Burbank). 

. . . .do 

Gumming at first and then 
healing. 


0 

Pear 

do 

Healed with enlarged scar. 
Healing perfectly. 

y 

zo 

do 

Same as above without 


inoculum. 
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TABtB XIV. — Inoculations with spores and mycelium from pure (mltures of BotrytU 
cinerea on young trees of Citrus^ and other Aoj^x~-Continued 


n. INOCUI^TBD APRIL 17, 1913; BXAMINBO MAY 20, 1913 


Bxlperi- 

ment 

No. 

Host. 

Kind of tisstif. 

Results. 

11 

Common lemon. . 

Trunk 3 years old 

Bark soft and decayinpf over 
areas of 0.5 by 1.5 inches. 
Much gum exuding. 

Bark sl&htly killed. Slight 
internal gumming. 

No effect on bark. 

12 

1 Sweet orange 

do 

13 

Same as above 


without inocu- 
lum. 



ni. INOCX7LATBD FEBRUARY 6, 1915; EXAMINED MAY 18, X915 


14 


15 

16 

17 


Common lemon. . . 

Rough lemon .... 
Sour orange 

Branch about 2 years. . . 

Tnmk a years old 

do 

Same as above 
without inocu- 
lum. 




Gumming and fruiting of Botry- 
tis on killed bark. 

No effect. 

Do. 

Do. 


With comparatively young common lemon, peach, and almond trees 
these inoculations with spores placed in cuts resulted in the formation 
of considerable gum. The gum was slight in sweet orange and plum. 
No gum was induced in sour orange, rough lemon, or in any of the control 
cuts except on peach. The death of the bark was slight and unimportant 
in extent except in the common lemon and peach. 

In general the results of all these experiments showed that the effects 
of Botrytis cinerea were quite different from those of Pythiacystis 
gummosis. This fungus, unlike Pythiacystis citrophthora, was not able to 
make an entrance except through some wound or defect in the bark, and 
it was not able to progress so rapidly in killing the bark through to the 
wood. After a limited portion was killed to the wood, however, a 
larger surrounding area was involved, in which only certain outer layers 
of bark tissue were killed, leaving the cambium alive and capable of 
renewal. There was also in the Botrytis gummosis an outer gummous 
zone beyond the invaded zone, but this was usually less extensive and 
less rapidly formed than in Pythiacystis gummosis. Other conditions 
being equal, there was usually somewhat less gum formation in Botrytis 
gummosis than in Pythiacystis gummosis. 

The fungus was reisolated from the softened invaded area of a large 
number of these lesions. Attempts to isolate the fungus from the outer 
gummous zone failed, just as they did in Pythiacystis gummosis. Only 
rarely was Botrytis isolated from the area where the outer bark was dead 
and hard. Cultures showed that this outer dead cortical layer following 
Botrytis inoculations is, under such conditions as prevail at Santa Paula, 
rapidly occupied by species of Altemaria, Cladosporium, Penicillium, 
Colletotrichum, Fusarium, and other fungi as well as bacteria. 


FACTORS FAVORING BOTRYTIS GUMMOSIS 

Many contributing conditions favor the occurrence and the severity 
of this disease. These are similar to those which favor Pythiacystis 
gummosis, mentioned in Part I of this paper, to be discussed in more 
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detail in a subsequent bulletin of the California Agricultural Experiment 
Station. 

Injuries of various kinds to the bark, not only near the soil but any- 
where on the trunk or large branches, may lead the way to infection and 
development of Botrytis gummosis when the conditions of moisture and 
temperature are also favorable. This disease is frequently severe on 
living tissue of trees tliat have been injured by frost. The fungus may 
become established in such trees first in a small portion of dead or dying 
tissue and then advance rapidly into tissue which appears to be sound. 

A desquamated condition of bark, fairly common on old lemon trees 
in the California coastal regions, is also frequently accompanied by 
Botrytis gummosis. It furnishes dead outer bark tissue from which the 
fungus may advance. This desquamated condition is similar in appear- 
ance to that which usually follows inoculations with Botrytis cinerea 
on sound tree trunks and with which it is often confused, but which is 
thought to be due to other causes. 

The previous use of ‘‘neat's-foot oil” in the treatment of gummosis 
also encouraged the growth of this fungus. Lemon trees previously 
treated at Santa Paula by scoring the bark and painting with neat's-foot 
oil were observed in February and March of 1912 to have their trunks 
fairly well covered with a gray coating consisting of the sporophores and 
spores of Botrytis. The bark on these trees was found to be in various 
stages of soft decay with the exudation of large masses of gum. Experi- 
ments also showed that this fungus grew better on bark treated with 
neat*s-foot oil eitlier before or after infection by the organism than on 
bark free from this oil. More recently the application of neat's-foot oil 
to Citrus trees has been largely given up, and the more severe stages of 
this disease, such as were previously seen, have not been observed. 

CONTROL 

The principles governing the control of this type of gum disease are 
similar to those of Pythiacystis gummosis: (i) The prevention of infec- 
tion by avoiding injuries, and the use of fungicides, and (2) if that is not 
done, the elimination of the invaded tissue. As the result of many 
different experiments in which growers took a prominent part, a method^ 
consisting largely of scraping off the outermost layers of bark proved 
to be best adapted for treatment of this disease. The portion where the 
bark is totally killed is cut away, but beyond this, where only the outer 
layers of bark are dead, these outer layers only are scraped off, leaving 
the live inner layer next to the cambium intact. To prevent further 
invasion of bark it is usually found necessary to scrape the sound bark 
several inches beyond the margin of the affected region. A sharp 
curved tool made on the principle of a box scraper is in general use for 
this purpose. Where both types of gummosis are present on the same 
trees, as is frequently the case, this method is applicable to the combined 
lesions produced. The cut or scraped portions are then painted with a 
fungicide. Bordeaux paste, and some of the coal-tar products which 
contain only the heavier oils, have given good results in experimental 
work and in practice. A discussion of the experiments on which these 
control methods are based will be reported in a bulletin of the California 
Agricultural Experiment Station. 
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SeXEROTiNIA GUMMING, DUE TO SCLEROTINIA UBERTIANA 

This disease, usually of minor importance, occasionally has been found 
assodated with rapid dying of bark on the roots and trunks of Gtf us trees 
growing in damp, cool situations, especially after periods of severe frost. 
The bark is at first soft, as if from an attack by Botrytis cinerea. Though 
the fungus usually advances more rapidly than Botrytis, it is soon checked, 
and callus begins to form as soon as gum accumulates. Later, as the bark 
dries, it is left in shreds and large black sclerotia are found within and 
under this bark. Its effect on Citrus twigs has been described by C. O. 
Smith (54), who refers to the gumming usually accompanying its attack. 
It appears to infect the young growth, usually at the blossoming period 
and frequently extends back into larger branches. 

When found on the trunk or roots, observations have indicated that 
previous injury of the bark was usually necessary for the entrance of the 
fungus. It has frequently been found on young trees following frost 
injuries, apparently advancing from frost-injured tissue into tissue not 
killed by frost. It has been observed on a 20-year-old lemon tree where 
all the roots had been infected, probably from injuries made in digging 
about them and placing vetch straw near the crown in damp, cool weather. 
An old seedling orange tree was also observed with the bark on one side 
of the trunk killed by the fungus, which had apparently gained entrance 
through a slight sunburned area and had advanced into the live bark for 
some distance. ' 

In order to obtain some idea of the ability of Sclerotinia libertiana to 
break down sound bark and induce gumming, several inoculations with 
pure cultures were made on healthy lemon trees, of which the following 
examples may be given : 

On February 20, 1913, a bit of mycelium from a pure culture was 
inserted into a vertical cut in the bark of an 1 8-year-old Lisbon lemon 
tree. A similar cut to serve as a control was made on the opposite side 
of the same tree. These were then covered with oiled paper. The cut 
not inoculated healed normally, but the bark adjacent to the inoculation 
was soft on one side within 4 weeks. In 8 weeks there was a dead, soft 
area 15 by 8 cm., which had increased to 22 by 9 cm. in ii weeks with a 
white mycelium conspicuous over a smaller area of 13 by 5 cm. About 

4 months after inoculation (June 27, 1913) the area of dead bark measured 
30 by 14 cm. and increased to 45 by 15 cm. by July 28, 1913, after which 
it soon ceased enlarging and became self-limited. The gum began to 
appear in 6 weeks; its rate of formation increased rapidly and reached a 
maximum about 3 months after inoculation. It ceased to increase about 

5 months after inoculation. The sclerotia were seen to have formed in 
flat plates under and within the bark in 4 months and appeared to be 
alive for at least 2 years, but no subsequent activity was apparent in this 
lesion for a period of at least 3 years. The killed bark showed the charac- 
teristic shredded appearance. Without treatment, there was a complete 
stoppage of further invasion by the fungus. 

A 2-year-old lemon tree was similarly inoculated i inch above the bud 
union on February 25, 1913. By May 7, 1913, the tree was girdled and 
showed gumming, the bark being killed 6 inches upward and i inch 
downward to the bud union. The invasion did not advance into the sour- 
orange tissue of the stock. The foliage at this time showed no effect, but 
by June 27, 1913, the leaves were wilted. In both these cases similar 
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cuts not inoculated, made as controls, healed without visible injiuy to 
the tree. 

As indicated by these inoculations, the attack of Sclerotinia libertiana 
may be very severe and its progress very rapid for a comparatively short 
time, and then it may be quic&y halted. If the tree trunk attacked is 
small, girdling and death may result, while on a large trunk with not 
more than one point of infection, self-recovery may take place. Observa- 
tion shows that the halting of the invasion is usually coincident with the 
formation and exudation of considerable quantities of gum. 

EXPERIMENTS TO TEST THE POSSIBLE RELATION OF OTHER ORGANISMS 

TO GUMMOSIS 

A number of other organisms, most of which were found commonly 
on dead or decaying bark of Citrus trees, were used in inoculation experi- 
ments to ascertain their relation, if any, to gummosis. 

The results of inoculations with various cultures of Fusarium sp., 
commonly found associated with Pythiacystis gummosis, have already 
been presented on page 205. The effect of Fusarium alone was insig- 
nihcant. The death of the bark at the inoculated cuts was inconspicuous, 
and only slight death of the outermost layer of bark resulted over small 
areas. Only part of the inoculations produced gum, usually in small 
quantity. 

Penicillium roseum was frequently found on dead bark affected with 
gummosis. The results of some of the inoculations with pure cultures of 
fiiis fungus are presented in Table XV. 

Table XV . — Inoculations Ponicillium roseum at Santa Paula 


Experi- 

ment 

No. 

Date of inoculation 

Kind of inoculation. 

Gum. 

Initially 
killed bark 
at inocula- 
tion point.* 

Cracking of 
outer bark.* 

I 

July 12, 1912 

Vertical slit 2 cm. long, covered 






with oiled paper 

2 

I 

2 

3 

Aug. 23,1912 

Vertical slit 

2 

I 

0 

3 

Feb. 21, 1913 

Vertical slit not protected 

2 

I 

2 

4 

. . . .do 

Controls on same trees as above . . 

0 

0 

0 

5 

Feb. 20, 1913 

Vertical slit not protected ... 

1 

I 

0 

6 

do 

Control on same tree 

0 

X 

2 
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Gumming was induced in all the cuts inoculated with PenidlHum 
roseum in Table XV. The dead bark adjacent to the inoculated cuts 
was slight in amount. The outer layer of bark surrounding two of the 
inoculated cuts and only one of the controls died and cracked. 

Inoculations were made with a number of other organisms, as shown 
in Table XVI. All of these were found on Citrus trees except Coryneum 
berynkii and Pseudomonas cerasius* 
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Table XVl*-^Inoculation with miscelhfmw organism 


Esperl* 

meat 

No. 

Date of iaoculatioa. 

Variety aizd age of host. 

Organism. 

Gum- 

ming.! 

Death of 
bBfk.i 

I 

Nov, 23,1912 

Lemon, 19 years. . 

Alternaria sp. from in- 

z 

z 




iured fruit. 



2 

Feb, 25,1913 

Lemon, 2 years 

Alternaria sp 

0 

I 

3 

May 24,1912 

Lemon 16 years. . . 

Coprinus atramentarius, 

0 

0 




mycelium. 



4 

do. 

do 

Spores of same 

2 

I 

5 

July 13.1913 

Lemon, 19 years. . . 

Coprinus atramentarius 

2 

t 




mycelium. 



6 

May 24,19x2 

Lemon, 16 years. . . 

Ilypholoma sp. spores. . . 

I 

0 

7 

Aug. 3,1912 

Lemon, 16 years 

Ilypkoloma sp. myce- 

I 

0 



(2 trees). 

hum. 



8 

Sept. 25,1912 

Lemon, 19 years. . . 

Cladosporium sp 

0 

0 

9 

do. 

.... do 

Rhizopus sp 

0 

0 

zo 

Sept, 4.1913 

Lemon, 18 years. . 

Pentcillium digtiatum. . . 

0 

0 

II 

Aug. 3,1912 

Lemon, 16 years, . . 

Diplodia sp 

2 

I 

12 

Nov. 23,1912 

Lemon, 19 years. . . 

Spegazzinia ornata 

0 

0 

13 

July 13.1913 


Coryneum berynkii from 

2 

I 




peach. 



14 

do 

Orange stock, 


I 

0 


same tree. 




IS 

July 12,1912 

Lemon, 19 years. . . 

Pseudomonas cerasius 

0 

0 




Griffm. 



i 6~25 

do 

do. 

10 different cultures of 

0 

0 



bacteria inoculated 






from bark killed by 



Contro 

Is, without inocu 

ilura to correspond y 

gummosis. 

dth each of the foregoing 

0 1 

0 

experiments. 


• 
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The results show that several different organisms are usually capable 
of inducing the formation of a small quantity of gum and a limited 
amount of injury to cells adjoining a wound when inserted into cuts on 
sound tissue but are without any noticeable effect in producing definite 
diseases* This gum formation or death of tissue was, in these cases, as 
well as with Fusarium sp., and Penicillium roseum^ insignificant in 
amount as compared with that produced in cases of either Pythiacystis 
or Botrytis gumraosis. 

PART HI.— GUM FORMATION AND ITS RELATION TO THE 
DEVELOPMENT OF DISEASES 

INTRODUCTION 

In Parts I and II of this paper the relation of certain fungi to definite 
diseases in which gum formation was a conspicuous feature has been 
discussed. It was shown experimentally that the most destructive types 
of gum diseases on Citrus in California in which there is progressive dying 
of tissue over large areas are due to fungus invasion. Fungi, however, 
are not necessary to mere gum formation, since it has been shown that 
other agencies, such as chemical injections, may induce gum formation in 
the absence of microorganisms. 
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It is tbc |mrp^ of Part III to discuss more especially the process of 
gum formation itself, the conditions facilitating its formation, and its 
relation to the development of diseases. 

NATURE AND ORIGIN OF THE GUM 

Although gum appears to be formed in many other plants continhously 
as a normal** process, it is usually not formed in Citrus except ubder the 
influence of stimuli more or less injurious to the tree. Citrt^b gum is 
similar to cherry gum and gum arabic, the latter of which is known to 
retain the nature of an acid, the molecule being composed of a number of 
sugar residues grouped about an acid nucleus in such a way as to leave* 
the add group exposed. 

These gums differ from resins in being for the most part soluble in 
water and insoluble in alcohol, while the opposite is true of the resins. 
This solubility in water also distinguishes them in a rough, imperfect 
way, from raudlages, which have a more slimy consistency and merely 
swell up in water. There are, however, all gradations between gums so 
defined and the mucilages. As to origin and chemical composition, the 
distinction between the vegetable gums and some of the mudlages can 
probably not be clearly maintained. These exuded gums, however, 
should probably be distinguished from a hard, vitreous gumlike substance 
known as wound gum, which Higgins (40) refers to as occurring in. the 
wood elements in the vicinity of wounds as a general phenomenon in 
woody plants. It differs from the ordinary gums in not swdling in water 
and in giving the lignin test. 

Although there has been considerable difference of opinion as to the 
direct origin of gums and mucilages in plants, most investigators, includ- 
ing Graf e- Wien (55), Czapek (j#), and Lloyd (45), have concluded that 
the gums like those represented by gum arabic, cherry gum and Citrus 
gum, are derived mainly from the cellulose walls. Greig-Smith (56), 
however, has reported the formation of gums of this nature by the direct 
action of bacteria on certain culture media containing no cellulose. 
Gum related to the dextrins also has been obtained by the action of 
Bacillus radicicola on culture media containing sacchrose by Buchanan 
(j2), who concludes that this gum arises from the diffluent wall of the bac- 
terial cell. MacDougal, Richards, and Spoehr (47) have pointed out that 
in cacti the formation of mucilagelike gum results from the dehydration 
of sugars and condensation of their products as a normal process in this 
plant. 

In Citrus, however, the gum appears to arise mainly from the hydroly- 
sis of the cellulose walls. The initial gum originates, according to Butler 
{zj) and Floyd (31), between the medullary rays usually in thin- walled 
xylem cells newly laid down. The protoplasm becomes more granular, 
the cells round out, separate from each other, and dissolve from the 
outside inward, and the space is finally occupied by a mass of gum. It 
may also be derived apparently from the breaking down of other and 
older tissues in connection with some of the severe types of Citrus 
gummosis. 

PHYSICAL EFFECTS AND GUM FORMATION 
MECHANICAL INJURIES 

The writer has not been able to induce gum exudation on healthy 
Citrus trees by mechanical injuries alone, provided these injuries are 

^ 17—23 3 
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kept clean and reasonably free from contamination with nucroorganisms 
or unusual chemical substances. 

A number of experiments were carried out to test (a) the influence of 
various kinds of wounds, (b) the influence of obstructions in the sap 
current by insertion of substances such as glass or wooden plugs, and 
finally (c) the influence of continued pressure upon the bark. Most of 
these experiments were performed with and without contamination wilb 
spores from pure cultures of Botryiis cinerea and are shown in Table XVII. 

Table XVII . — Experimenis with injuries with and without contamination, started in 
July, xgi 2 , on sound trunks of i 8 -year~old lemon trees at Santa Paula 


Treatment of tree. 

Number of experhuenti. 

Notinocu' 

kted. 

Inoculated. 

Tangential slice of outer bark cut off and microscopic slide 
fastened over with putty 

2 

2 

Surface of bark lightly scraped and covered as above 


I 

Bark not injured hut covered as above .... 

1 

I 

Long slits made through bark and covered with grafting wax 

Areas of bark about 8 by 4 cm. cut away and covered with cold 
liquid grafting wax 

I 

s 

X 

S 

I 

Bark on trunk injured with heel of heavy boot, as if climbing tree . . 

Bark injured by throwing wire coal basket against trunk 


I 

Bark injured by blow from blacksmith’s hammer and covered 
with wax 

2 

2 

Auger holes 1.3 to a cm. deep and i to 1.5 cm. in diameter filled 
with glass tubes and sealed in with wax 

5 

a 

2 

Pressure exerted against woc^en blocks, on opposite sides of tree, 
by means of screws in an iron collar 



0 



On none of the injuries shown in Table XVII, kept uninoculated, was 
there any gum exudation or development of the disease. All such 
injuries healed in the usual way. With all the experiments in which 
spores of Botryiis cinerea were used as a contamination, however, except 
where the bark was not injured and one of those with glass tube used as 
a plug, gum exuded and in most cases typical Botryiis gummosis lesions 
developed around the place of injury. 

The results of these experiments appeared to show that injuries in 
themselves were not sufficient to induce gum formation. When the 
injuries were contaminated with pure cultures of Boiryiis cinerea^ however, 
under the same conditions, gum formation and death of the tissue 
readily took place. Other injuries of various kinds also failed to induce 
gumming in most cases even when no means were provided to keep the 
wounds free from chance contaminations from the air or from water 
during rains. These same wounds, however, when purposely infected 
with Botryiis cinerea or other injurious organisms resulted in gum forma- 
tion. Mechanical pressure and obstructions placed in the conducting 
system likewise failed to induce gum in these lemon trees. In previous 
experiments conducted by Fawcett (^2), clean injuries made by cutting 
through the bark of Prurms persica, Prunus umbellata, Prunus serotina, 
Laurocerasus caroliniana, Xanthoxylum americanum, and Rhus glabra in 
Florida failed to induce gum, but when similiar injuries in all these 
species were inoculated with Diplodia naioJensis, gum formation resulted. 
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In Prunus and other plants, however, mechanical injuries in them- 
sdves have been considered as sufficient to induce gum formation. But- 
ler (75) was successful in inducing gum formation on peach, cherry, and 
plum by bruising the bark with a mallet. No mention is made of similar 
experiments on Citrus. 

The injuries on Citrus made by a number of insects are frequently 
followed by gumming, usually slight in amount. Small drops of gum 
may form on fruit at points of injury produced by the orange tortiix 
(Toririx citrana)^ and on small tree trunks and limbs by grasshoppers, 
katydids, and other insects. To what extent this gumming may be due 
to secretions of the insects and to what extent to the entrance of micro- 
organisms at the time of injury is uncertain. Our negative results from 
mechanical injuries on Citrus kept sterile and free from chemical stimuli 
would indicate that this gumming was probably not due to the injury or 
wound in itself. 

BURNING 

In the author’s experience, burning was not in itself any more effective 
than mechanical injuries in producing gum formation in Citrus. The 
flame of an alcohol lamp was held against the trunk of young Citrus 
trees until the bark was severely injured, but no gumming resulted. 
Examination of mainy Citrus trees that have been accidentally injured by 
fire has shown that bark may be killed on one side of twigs and branches 
without resulting in gum formation. Severe injuries from sunbuming 
on Citrus have also been observed to be free from gum formation, pro- 
vided they are not followed by invasion of parasitic or wood-rotting 
organisms. Butler (ij), however, reports the production of gum on 
young shoots of Prunus by burning with a hot iron. 

FRBBZZNG 

Freezing has also been considered a frequent cause of gum formation. 
Observations of hundreds of Citrus trees in California in all stages of 
injury from frost have not indicated that freezing in itself is an important 
factor in initiating gum formation. Frost injury, however, may fre- 
quently be followed by invasion of organisms such as Boirytis cinerea, 
Sclerotinia libertiana, or other fungi, which after becoming established in 
the injured tissue may advance rapidly and induce gumming in tissue 
apparently sound. 

DESICCATION 

Drying or partial desiccation of cells in plants has been suggested as 
an important factor in gum formation. As the result of a number of 
controlled experiments with species of Prunus, drying of the tissue was 
considered by Higgins (40) as an important,factor in the acceleration of 
gum formation. Sorauer (59, 70S) cites Martin as mentioning the 

action of dry desert winds of autumn and winter as having a relation to 
gum formation in Acacia Senegal, It has been pointed out by Mac- 
Dougal, Richards, and Spoehr (47) that when Opuntia plants are sub- 
jected to long periods of drought, resulting in partial desiccation, the 
sugars, which have a low water-holding capacity, are converted into the 
pentosans or mucilages, which have a high imbibition capacity. 

That this factor of partial desiccation operating alone can not account 
for excessive gum formation in Citrus seems to be indicated by the fact 
that such gum formation does not necessarily follow injuries from frost 
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or stmbum, nor does it necessarily result from dr}^^ of tissue in wounds 
if tBese are kept uncontaminated by microorganism or chemical sttmu** 
lants. 

Some of the results of the investigations reported in Parts I and 11 of this 
p^er have a bearing on this subject. It was shown that gum lormatbn 
could be induced in cuts inoculated by PyikiacysHs ciiropkthora or BotryUs 
cinerea where these were covered with grafting wax or waxed paper, 
which presumably prevented undue loss of water from the surface. It 
is, of course, possible that dehydration of the cells invaded by the para- 
site might have taken place even in this case, without loss of water 
through the surface, by changes in internal conditions by which water 
was lost to the surrounding tissues. With Pythiacystis gummosis ex- 
cessive water in the soil about the trunks, rather than'dr3ring or partial 
desiccation, is the condition favorable for the invasion of the bark by 
the causal organism that is instrumental in bringing about gum 
formation. 

While partial desiccation in itself does not appear to be an important 
factor in initiating gum formation in Citrus, it is probably one of the 
factors in producing an acceleration of the process when the other neces- 
sary factors are already in operation. It has been noticed also that when 
a lesion is developing and gumming moderately, the coming of dry 
weather is frequently followed by increased exudation of gum for a bri^ 
period. If the weather is sufficiently dry, however, the enlargement 
of the invaded zone often ceases, probably due to the dying out of the 
parasite, and the rate of gum formation soon decreases to zero. It 
appears that in Pythiacystis gummosis, at least, the conditions of desic- 
cation that tend to increase the gum flow are frequently those that hinder 
or kill out the causal agent, while furnishing a temporary stimulus to 
increased gum formation. If, as seems highly probable, partial desic- 
cation of the cells is one of a group of factors which favor excessive gum 
formation in Citrus, it seems clear that other more important influences 
or stimuli must precede or accompany it. 

CHEMICAL stimuli AND GUM FORMATION 

Many substances have been reported as inducing gum formation in 
Citrus. A study of gum formation was made by Floyd (ji) by the in- 
troduction of 28 organic and inorganic substances into young Citrus 
trees. Thirteen of these induced gum formation. Most of them were 
acids, alkalies, or salts of heavy metals. In general, the salts of the 
heavy metals brought about the greatest amount of gumming* The 
gum formation was coincident with the injury from the chemicals; the 
gum was small in amount and was formed in proximity to the region of 
insertion of the chemicals except in case of some of the salts of the 
heavy metals. The gum originated in all cases in the live embryonic 
xylem tissue in regions or zones beyond the dead area produced by the 
chemical. None of the cuts or injuries used as controls, and not inocu- 
lated with chemicals, produced any gum formation. The dead area 
produced by the chemical is thus seen to be directly comparable to the 
invaded zone in Pythiacystis gummosis, and the region of chemically 
induced gum formation beyond this is directly comparable to the nonin^ 
vaded “outer gummous zone'' of the disease. 

Experiments on Citrus had been made previously with a limited 
numl^r of chemicals. Butler (ij) induced gum formatioa with $ul- 
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phuriCj phosphoricy nitric, and lactic adds, and with potassium hydrate 
tat failed to induce it with acetic add or kerosene; and Fawcett (2j) 
induced gum with nitric, sulphuric, acetic, citric, and phosphoric adds, 
copper sulphate, mercuric chlorid, and ammonium lactate tat failed 
to induce it with carbolic acid. 

Among the chemical stimuli that have been seen to result in gum 
formation occasionally in Citrus orchards may be mentioned: (i) liquid 
hydrocyanic acid spilled on the soil too near the roots of trees; (2) hydro- 
cyanic add gas us^ in fumigation; (3) spray mixtures containing copper 
sulphate not properly neutralized with lime, or containing other toxic 
substances; (4) ant poison containing arsenic. 

It has not been possible, however, to duplicate entirely by chemical 
stimuli any of the typical maladies produced by certain organisms. 
While the gum formation induced by chemicals may be slight or extensive, 
the stimulus is soon at an end and the wound usually begins to heal 
promptly without the long-continued, progressive killing and gumming 
characteristic of Pythiacystis and Botrytis gummosis. Much confusion 
and apparent differences in results regarding gummosis have arisen from 
a failure to distinguish between the severe types of gummosis induced 
through the agency of microorganisms and those more temporary and 
usually milder types brought about by chemical or other stimuli. While 
the nature of the gum exuded may be the same, the manner in which the 
accompanying injury develops is usually very different. 

ENZYMS AND GUM FORMATION 

Only a small amount of experimental work on the r61e of enzyms in 
Citrus gummosis appears to have been done. The results of the writer’s 
experiments will be presented here merely as suggestive of certain possi- 
bilities in connection with this subject. 

Savastano (52) concluded that in the form of Citrus gummosis due to 
Bacterium gummis, a toxin secreted by the organism, spreads out con- 
siderable distances beyond the invaded tissue, stimulating the gum 
formation. In line with this view, Higgins (59) in the study of plum 
wilt, concluded that the fungus Lasiodipiodia iriflorae Higgins secreted 
a toxic substance which reacted directly or indirectly on the zymogen 
of the host cells and brought about the production of a gum-forming 
enzym. Butler (ij), on the other hand, had concluded that enzyms 
had no part in gum formation in Citrus or Prunus. This view, it seems, 
was based mainly on the origin and histology of the gum pockets and 
not on microchemical tests or experiments to detect the presence of 
enzyms. (See criticism of this view by Wolf) (65). Floyd (31) made 
certain microchemical tests with material taken from gum pockets on 
Citrus branches affected with exanthema and concluded that the enzyms 
present were probably hemicellulase and pectihase. 

To get definite information as ta the possible influence of enzyms or 
other filterable substances on gum formation in Pythiacystis gummosis, 
the following experiments were carried out.'* 

Experiment i. — On October i, 1912, lemon bark containing Pythia- 
cystis gummosis lesions was cut from two large trees at Whittier, Calif., 
and 350 gm. of green material were ground, first in a meat grinder, then 

« Tfac assistunce of H, D. Vomg, (onaerly of the Southero California Pathological I^rboratory, In carry* 
ing out these experiments is acknowledged. 
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in a mortar with sand and water. One liter was decanted off and filtered 
through a sterilized clay filter. No organisms were found in the filtrate. 
Part of this filtrate was boiled and the other part left unheated. Two 
small holes slanting downward were bored, one in each side of a large 
lemon tree, and burettes bolding about 50 cc. of the liquid were inserted 
into these holes and sealed. One burette contained a portion of the boiled 
filtrate just referred to, and the other unboiled filtrate. In each case 
the solution was taken up by the tree in a few hours. On November 5, 
1912, a considerable quantity of gum was observed pushing up into the 
burette which had contained the unboiled filtrate. No gum was observed 
in the other burette. No further development had taken place in either 
case on November 30, 1912. 

Experiment 2. — On April 16, 1913, filtrate from a large piece of lemon 
bark containing a lesion 35 by 8 cm. produced by inoculation with 
Pythiacrstis citrophthora (PI. 3, B) was obtained as described in the pre- 
vious experiment. At the same time, a filtrate from a large piece of sound 
bark from a healthy tree was obtained in the same manner, as a control. 
The filtrate from the diseased bark was placed in a separatory funnel 
and was allowed to be absorbed by a young lemon tree (PI. 8) through a 
small hole in the bark. About 100 cc. were taken up in five days. The 
filtrate from the sound bark was placed so as to be taken up by another 
lemon tree of the same size. 

On May 6, 1913, thin gum was observed pushing up into the lower end 
of the funnel tube through which diseased filtrate had been introduced. 
Gum undoubtedly had ligun to form internally long before this time. 
In about two weeks the gum (about 10 cc.) had accumulated in the lower 
enlarged portion to a height shown in Plate 8, after which the pressure 
resulted in this breaking through the rubber connections at the bottom. 
Very little gum was exuded after June 3, 1913, when the funnel was 
removed. The bark remained alive around the opening. During this 
entire time no gum appeared in the funnel through which the filtrate 
obtained from l£e sound bark had been introduced. 

The results of these experiments indicate that tliere is a substance in 
the diseased bark which is capable of passing through a fine clay filter 
and of inducing gum formation. In the experiments, however, gum 
formation soon ceased without serious injury to the bark, such as is 
produced by the invasion of Pythiacystis citrophthora. It would seem, 
therefore, that the gumming is induced by some substance that is 
formed either by the fungus or by the interaction of the host and parasite. 
The fungus during its invasion of the host probably secretes a substance 
which stimulates either directly or indirectly the production of a gum- 
inducing enzym by the host cells themselves. This substance doubtless 
also passes out into adjacent cells, and into the conducting tissue, and 
thus brings about gum formation at long distances from the invaded zone. 
This substance passing out from the invaded regions probably accounts 
for the large outer noninvaded gummous zones which so readily recover 
when the inciting cause, the parasitic fungus, is removed. This substance, 
capable of inducing gum formation, but not capable of bringing about 
the formation of lesions characteristic of Pythiacystis gummosis, appears 
to be destroyed by boiling and may, therefore, be an enzym. Furdier 
investigation as to the real nature of this gum-inducing substance is 
needed. 
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FARASim ORGANISMS AND GUM FORMATION 

Although there are various agencies or diverse stimuli that contribute 
directly or indirectly to gum formaticm in Citrus, the more serious and pro- 
gressive types of gummosis (in California at least) appear to be initiated by 
3 ie invasimi of certain parasitic fungi. With Pythiacystis gummosis, for 
sample, the bark and cambium region are first invaded and killed by the 
fungus which appears to advance most rapidly in the inner bark adjacent 
to &e cambium. Soon after a small portion is killed by the initial in- 
vasion of the fungus, an influence is exerted bringing about gum forma- 
tion in the xylem region surrounding the dead portion. After some 
time gum begins to form rapidly wiAin the xylem for long distances 
vertically, but usually for only short distances laterally, from the invaded 
zone. The parasite, therefore, must stimulate such gum formation in 
an indirect manner, through setting into action some substance which 
passes out into the conducting system, and which moves probably in 
the sieve tubes as well as in the wood vessels. This gummy degenera- 
tion within the outer gummous zone usually does not kill the bark nor 
prevent its recovery, provided tlie parasite does not invade it later. A 
thin outer layer of wood, not penetrated nor killed deeply by the parasite, 
becomes infiltrated with gum, and occasionally gum pockets are formed 
within it but usually near the cambium. 

The seriousness of excessive gum formation in itself has been overem- 
phasized by some investigators because it was erroneously held that the 
death of the bark was the usual cause of gum formation instead of 
being the result of fungus invasion. Gum formation appears to diminish 
rather than to increase the seriousness of the diseases. As has been 
previously mentioned, the excessive gum formation in connection with 
Pythiacystis gummosis is frequently accompanied, or is soon followed, 
by a stoppage in the further advance of the invading parasite. It is 
highly probable that the infiltration of tissue by gum in the outer gum- 
mous zone tends to hinder the further advance of the mycelium into this 
tissue. In Diplodia gumming, Earle and Rogers {21) state that their 
observations have convinced them that gum flow in Citrus serves as a 
** protective device,** and in plum wilt, Higgins (59) concluded that the 
gum served to hinder the advance of the organism hy being formed in its 
path of advance. In the disease due to Sclerotinia libertiana on Citrus 
twigs, C. O. Smith (54) states that with the appearance of the gumming 
of ^e twig the further enlargement of the lesion is checked. 

The gum in connection wiA Pythiacystis gummosis lesions, in addition 
to being a probable hindrance to the organism, serves in dry weather^ as 
a seal or covering to the wood beneath the killed bark, thus preventing 
the entrance of wood-destroying organisms and preventing excessive 
drying-out of the exposed wood. The gum being soluble in water, how- 
ever, it is of little value for this purpose afte^* the rains appear. 

BRIEF GENERALIZATION ON GUM FORMATION 

The explanation of gum formation itself, which seems to fit in best 
with the known facts and results obtained with Citrus, is that a substance 
of an enzymatic nature may be brought into action through various in- 
strumentalities, such as substances actin^f under the influence of invading 
organisms^ introduced or induced chemical stimuli, etc. It appears to 
be evident that the enzym immediately responsible for gum formation is 
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produced by the host tissue itself; otherwise it would be difficult to ac- 
count for the gum formation induced by sudh a variety chemical sub- 
stances and agencies. In P3rthiacy8tis and Botrytis gummosls^ for ex- 
ample) there would seem to be two possible explanations of the manner 
in which the gum formation is brought about; (z) A substance secreted 
directly by the fungus sets in motion the gum^forming enz3rm or (a) a 
substance resulting from the interaction of parasite and host famines 
the means by which the gum-forming enzym is brought into action. 

In case of the action of chemicals, such as corrosive sublimate and 
sulphuric acid, the substance might act also in either of two ways analo- 
gous to that given for the parasite, either directly in the same way as a 
secreted substance, or indirectly through a substance produced by the 
interaction of the plant tissues and the introduced chemical. The experi- 
ments with sterile filtrate from diseased and healthy bark previously de- 
scribed, taken in conjunction with the work of Floyd, Higgins, and o^ers, 
appear to show that whatever may be the indirect factors in gum forma- 
tion, the immediate cause or stimulus to its formation is a filterable sub- 
stance of the nature of a heat-sensitive enzym. It is evident that many 
important phases of the subject of gum formation in Citrus remain for 
further investigation. 

SUMMARY 

(1) A destructive form of Citrus gummosis attracted attention first 
in the Azores in 1834. A similar gum disease appeared in Italy as early 
as 1863; in Portugal, 1865; Australia, 1867; in Spain, 1871; in United 
States of America, 1875; and in most other Citrus regions before the 
year 1890. 

(2) F^^iacystis gummosis, the most widespread and destructive 
type of Citrus gummosis in California, is characterized by copious 
exudations of gum and dead patches of bark on the trunk and main roots. 
The gum may arise not only from the margin of the invaded area but 
also from a large contiguous, outer, noninvaded zone. 

(3) It has been shown that the disease with all its usual symptoms 
may be readily transmitted to healthy trees by inoculation with bits of 
bark tissue cut from the advancing margins of killed regions of bark. 
It is not transmitted, however, by tissue from surrounding outer gum- 
mous zones or by killed tissue not recently invaded. 

(4) Cultural tests have shown that five mycelium of Pythiacystis 
citrophihora Sm. and Sm., formerly known as the cause for lemon brown- 
rot, is present in this narrow band or fringe at the advancing edges of 
the killed region of bark (invaded zone) but is at^nt or dead elsewhere. 

(5) Numerous inoculations with pure cultures of PyihiacysUs ci* 
trophthora into healthy trees under various conditions have shown that 
this fungus is capable of inducing gummosis with all the diaractcristic 
symptoms of naturally occifrring cases. The fungus has been reisolated 
from many lesions after it has remained in the bark from i to 1 1 months. 

(6) Lemon fruits affected by brownrot due to Pythiacystis citrophihora 
have been shown to be capable of inducing the same type of gummosis 
as that produced by the fungus from gummosis lesions. 

(7) The organism appeared to die out more readily and the lesions 
be<kme self-limited more quickly after inoculation in branches or large 
roots than after inoculation in the trunk. 

(8) A limited number of inoculation tests gave some indication that 
Fusarium sp., found commonly in connection with Pythiacystis gum- 
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mosis lesions^ increased the severity of the disease when associated with 
P^iacystis dtrophthora but that Fusarium alone was not capable of 
initiating this gummosis. 

(9) Observations and inoculation experiments both indicated that the 
ord^ of resistance of species and varieties to Pythiacystis dtrophthora 
from highest to lowest, is, sour orange {Citrus aurantium Linn.), tri- 
foliate ora^e {Poncirus trifoliata Raf.), rough lemon (a resistant variety 
of Citrus limonia Osbeck), pomelo {Citrus grandis Osbeck), sweet orange 
{Citrus sinensis Osbeck), and common lemon {Citrus limonia Osbeck). 
The first is almost immune, the last very susceptible. 

(10) Inoculation of small roots of young trees indicated that common- 
lemon roots are somewhat susceptible but that sweet-orange, pomelo, 
and sour-orange roots are resistant. 

(11) Mai di gomma due to Phytophthora terrestria Sherb. has been 
shown to be similar to certain phases of Pythiacystis gummosis, especially 
to the form the latter takes at the junction of the main roots and trunk 
of old orange trees in California. 

(12) Inoculations with Phytophthora terrestria and with Pythiacystis 
dtrophthora, under the same conditions, produced lesions which showed 
no characteristic differences. 

(13) Experiments have shown that in cases where excess of moisture 
and other contributing conditions cannot be entirely avoided the disease 
may be prevented largely by applying Bordeaux mixture or other 
fungicides to the trunks. 

(14) It has also been shown that the progress of the disease may be 
readily prevented by dissecting out the bark invaded by the causal 
organism and applying a fungicide. It was not found necessary to 
remove the bark in the outer gummous zone, since this bark would 
finally recover after the advancing fungus had been removed. 

(15) Botrytis gummosis of lemon trees is characterized in the early 
stages by a soft area of invaded bark killed to the wood, with exudation 
of gum on the trunk. Later this soft area becomes surrounded by a 
larger, firmer area in which only the outer layer of bark is killed, leaving 
a layer next to the cambium region alive. There is also, as in Pylhia- 
cystis gummosis, a noninfected outer gummous zone from which copious 
gum exudation may take place. 

(16) A strain of Botrytis cinerea Lk. has been found commonly asso- 
ciated with this type of gummosis and has been isolated from numerous 
lesions. 

(17) Pure cultures of the fungus, as well as bits of the disea^d bark, 
were found capable of inducing the disease when inoculated into cuts 
and other kinds of injuries on healthy lemon trees. 

(18) Attempts made to induce gum formation by various kinds of 
wounds on lemon tree trunks invariably failed when these wounds were 
kept clean and free from contamination with injurious organisms or 
chemical substances. 

(19) The experimental results show that the disease may be pre- 
vented by avoiding injuries to the bark and by using a fungicidal coat- 
ing on its surface. The treatment found effective consists in cutting 
or scraping away the dead bark, leaving as much of the live bark as 
possible, and painting the treated area with a fungicide. 

(20) Sclerotinia libertiana is occasionally found associated with r^id 
dying of bark and copious gum exudation on trunks and roots. The 
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bark is at first soft, later dries out into long shreds, and usually con« 
tains flat sclerotia within it 

(21) Inoculations with pure cultures have shown that this fungus 
may also kill the bark rapidly and bring about the results just men- 
tioned on healthy lemon tree trunks. 

(22) Inoculation experiments with a lar^e number of other organisms 
showed that some of them were capable of inducing gum formation, but 
this effect was usually slight as compared to &at of Pythiacystis, 
Botrytis, and Sclerotinia. Those which produced some gum exudation 
in cuts were PenicilHum roseum, Fusarium sp., Diplodia sp., Coryneum 
berynkii, Coprinus atrcmintarius ^ Alternaria sp., and Hypholoma sp. 
The effect in killing of bark was insignificant, and no detoite diseases 
resulted. Several other organisms produced no effect whatsoever either 
in inducing gum exudation or killing tissue. 

(23) In Parts I and II of this paper the relation of certain fungi to 
definite types of diseases in which gum is a conspicuous feature has been 
discussed. 

(24) Gum in Citrus is similar to gum arabic and cherry gum and 
appears to originate mainly in the xylem tissue by hydrolysis of the 
cellulose walls. 

25) Attempts to induce gum formation in lemon trees by various 
mechanical injuries, by obstructions placed in the conducting tissue, 
and by pressure on the bark, failed when tlie tissues experimented upon 
were free from parasitic organisms or unusual chemical stimuli. 

(26) Injuries from certain insects have been observed to result in 
slight gum formation, which is probably due to secretions by the insects 
or to contaminating organisms. 

(27) Experiments and observations indicate that burning and freez- 
ing are not important factors in inducing gum formation in Citrus but 
merely serve to open up the way for parasitic and wood-rotting fungi, 
which afterwards induce gumming. 

(28) Partial desiccation appears to be merely a factor in the accelera- 
tion of the process of gum formation in Citrus and not a necessary con- 
dition to its initation. 

(29) Certain chemical substances are capable of inducing gum for- 
mation when injected into Citrus bark. It has not been possible, how- 
ever, to reproduce all the typical symptoms of any of the gum diseases 
by chemical injections. The invasion of certain parasitic organisms 
appears to be the chief factor in initating gum formation under natural 
conditions. These organisms may bring about, as do certain chemical 
substances, gum formation over considerable areas of bark surrounding 
the portions killed by either the organism or the chemical substance. 

(30) Comparative experiments with boiled and unboiled filtrates 
from diseased and healthy tissue show that the diseased bark contains 
a substance capable of passing through a fine clay filter and of inducing 
gum formation when unboiled. When boiled, however, this capacity 
to stimulate gum is destroyed. This indicates the presence of a heat- 
sensitive enzym. 
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PLATE 1 

P3rthiacystts gummosis on letncm trees, fmm isioculation with diseased bark tissue. 

A. — ^Tree inoculated on February 27, 1913, the gum formation showing the develop- 
ment of disease on August 3, 1913.0 

B. — Same tree, September 19, 1913, over 6 months after inoculation. 

C. — Same tree about i year later, view at right angles to B. Only 5 cm. of live 
bark then prevented complete girdling. 

D. — Same view as A and B, on May 34, 19x3, 15 months after inoculation. The 
gum first formed has been dissolved away by winter rains and the dead bark has 
dried and shrunk. Gum was exuding farmer around, as in C, at this time. 

B. — Lemon tree inoctilated with diseased bark tissue, September 31, 19x3, showing 
excessive exudation of gum a xnonths later. 

F.— Lemon tree inoculated with diseased bark under a glass slide held with putty, 
September 3X, 1913, showing gum formatioa 3 months later. 


• A nujority- of the trees in^this same wchard had the some *' overgrowths’* at the itnkm of stodc and 
sdon as observed in this illustration. 

(336) 
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PLATE 2 

Pythiacystis gummosis on lemon tree from inoculation made on February 20 , 
^ith diseased fruit tissue affected with Pythiacystis-rot. 

A. ^^Extent of invaded bark and gum formation about 5 months after inoculation. 

B. — Same tree about 7 months after inoculation, showing increase in the invaded 
area. 

C. — Same tree about 13 months after inoculation, showing cracking of dead bark 
over invaded area and its large increase in size. 

B. — Same tree 1$ months after inoculation, lowing a still larger area affected. 

E, F. — ^Two views of the same tree, about 2 years after inoculation. Figure F 
taken on opposite side of tree from figure E. 



PI.ATE 3 

Pythiacystis gummosis on lemon tree from inoculation on November 23^ ipt2, with 
pure culture of Pythiacystis citrophthora. , 

A. '^^Extent of mvaded portion (inside of chalk line) and gum formation on June 
6, 1913. The fungus was isolated from several places near chalk line at this date. 

B. '-^ame tree Mter bark was cut, showing invaded zone (black) and a part of the 
outer g^mmous zone (shaded), which extended upward and downward under live 
bark. 

C. — Same tree in September, 1914, lowing new bark puling in over wound. 
I).~-Same tree in June, 1920, showing increase in the new bark covering the edges 

of the original wound. 
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PLATE 4 

Pythiacystis guinmosis from inoculations made July 13, 1913, with pure culjLures 
of Pythiacystis citrophthora on different parts of the same lemon tree. 

A. — Extent of invaded zone and gumming from an inoculation on the sweet-orange 
stock. Photographed May 9, 1914. The fungus was isolated from upper portions 
near chalk line at this date, about 10 months after inoculation. 

B. — Same, with bark removed, showing darkening at cambium region over invaded 
zone. Original inoculation was at the place marked from which the invasion 
of the fungus proceeded mostly upward, over the “bud union” (swollen ring) into 
the lemon bark. 

C. — Opposite side of same tree on same date, showing portions invaded (chalk line) 
as result of two inoculations, one on lemon bark above and one on a large crown root 
below the bud union. 
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PLATE 5 

P3rthiacystis gummosis which was apparently increased in severity by inoculation 
with both Fusarium sp. and Pyihiacystis citrophihora February 22, 1913, showing 
progress of disease over a period of about 3 years. This tree was finally girdled and 
killed ^ disease starting from one inoculated cut. 

A. — Exuded gum and extent of invaded zone (chalk line) July aS, 1913. 5 months 
after inoculation. Arrow indicates point of inoculation. 

B. — Extent of the lesion on same tree November 25, 1913, 9 months after inocula- 
tion. The infection has extended downward nearly as far as upward. 

C. — Extent of lesion and cracking of bark on April 9, 1914, more than 13 months 
after inoculation. The gum of figures A and B has been dissolved by rains. 

D. — ^Large quantity of exuded gum and a great enlargement of invaded zone and 
crackii^ of bark, on September 4, 1914, about 17 months after inoculation. 

E. — Further cracking of dead bark on Februaiy 6, 1915, nearly 2 years after inocu- 
lation. The gum of figure D has been dissolved by further rains. 

F. — ^Trunk on opposite side from figure E, on same date. Only a small strip of live 
bark Here remains, which was later invaded, this resulting in tlie death of the tree. 
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PLATE 6 

Results of inoculation with pure cultures of different strains of Phytophthora terres- 
Uia and with Pytkiacystis ciirophthora on young lemon trees (orange stock at lower 
inoculated cut). Inoculated April 20, 1914, jmotographed August 26, 19x4. (See 
Table XI.) 

A. — Control cuts without inoculum. 

B. — Inoculated with Phytophthora terrestna from Isle of Pines. Bark cut away to 
show extent of lesions. 

C. — Inoculated with Pytkiacystis ciirophthora from California. 

D. — Inoculated with Phytophthora terrestna from Cuba. 

E. — Inoculated with Phytophthora terrestria from Florida. 



PLATE 7 

Method of cutting away diseased bark in treatment of a severe case of Pythiacystis 
gummosis. 

^ of inoculation with diseased bark containing Pythiacystis citrophihora 

on November i6, 1912. Photographed September 3, 1913. Invaded area 21.5 by 
7.5 cm. 

S' — away September 3, 1913, on a similar tree in treatment. 

C. — Same tree after painting with B(xrdeaux paste. 

p.— -Same tree on March 17, 1916, showing growth at edges of wound and asphalt 
paint on exposed wood. 
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PLATE 8 


Gum pushed up iuto bottom of funnel from which sterile, unheated, and filtered 
extract from bark affected with Pythiacystis gummosis had gone into the tree about 
4 weeks before. 




OCCURRENCE AND SIGNIFICANCE OP PHEOEM 
NECROSIS IN THE IRISH POTATO* 

By Ernst F. Artschwaosr 

Assistant Pathologist, Cotton, Truck, and Forage Crop Disease Investigations, Bureau 
of Plant Industry, United States Department of Agriculture 

INTRODUCTION 

In a recent publication Esmarch (5)* makes the following generaliza- 
tion in regard to the condition of the phloem: 

Necrosis of the phloem is found in both normal and diseased plants and is alwa^rs 
present in mature organs; if necrosis is observed during the early life of the plant, it 
IS an indication of premature ripening. 

In support of this theory, which is based on his own observations and 
supplemented by the data of other writers (7), Esmarch compares the 
changes in the phloem of the potato to those taking place in the secondary 
phloem of woody plants. Here, with the disintegration of the nucleus 
and the formation of callus deposits over the plates, the sieve tubes 
become inactive. The empty elements, deprived of their turgor, col- 
lapse and are crushed by the surrounding tissues. As obliteration 
progresses the old phloem often becomes so changed structurally and 
chemically as no longer to resemble its former state. However, while 
the obliteration of the phloem in woody plants, as has been shown by 
numerous investigators (j), is comprehensible on structural and physio- 
logical grounds, similar changes in the phloem tissue of herbaceous 
plants may not be expected, nor is their frequent occurrence reported 
in literature. Indeed, our present knowledge is restricted to two short 
notes by Boodle and Schuman. Boodle {4) observed in Helianihus 
annwis the occurrence of sieve tubes and companion cells whose walls 
were lignified and whose content gave reactions resembling those of 
lignin. Schuman (S) mentions that sclerosis of the phloem takes place 
in some few woody Composites and gives Scorsonera hispanica and Aster 
thyrsiflorus as examples. A systematic study of the mature phloem, car- 
ried on recently in the botanical laboratory of Cornell University, indi- 
cates clearly that most herbaceous plants do not exhibit any changes in 
the phloem upon maturation; where changes do take place, the phloem 
elements become lignified without obliteration. 

A consideration of anatomical changes in diseased plants has often 
been fruitful in providing diagnostic symptoms for the identification of 
plant diseases, provided, however, that the ontogeny of the normal 
parts was fully understood. It is imperative, indeed, to distinguish 
clearly between normally expected tissue changes, such as take place 
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in the phloem of woody plants, and induced abnormal states, the latter 
alone being truly pathological. The apparent discrepancies noted by 
different investigators may, and usually do, become intelligible if we 
consider all pa^ological changes and trace the causes of the various 
types of necrotic conditions, if possible, to their sources* 

A classical example of such discrepancies is afforded by the researches 
on the pathological anatomy of the potato in connection with leafroll. 
To be sure, the views of the different writers are substantiated by obser- 
vations, but since statistical data are incomplete at best, only a pur- 
poseful and systematic investigation of the problem can provide adequate 
data, even though factors which govern plant growth be not altogether 
neglected in the analysis of results. 

To arrive at some definite basis as to what constitutes a healthy 
potato plant from the viewpoint of the anatomist, and under what con- 
ditions the phloem will remain normal, an investigation of a large number 
of plants of both cultivated varieties and indigenous South American 
forms was carried on. Such studies have been in progress since the 
summer of 1916, and the data obtained have been embodied in part in 
earlier publications (/, 2 ) and have been extended and partly modified 
in the present paper. Further work on the pathological anatomy of 
potato diseases will doubtless bring forth new interesting facts and 
greatly aid in analyzing these complicated potato disorders of which 
the cause is only vaguely understood. 

THE NORMAb PHLOEM 

The vascular tissue of the potato plant shows a bicollateral arrange- 
ment of its elements, a condition most clearly seen in the larger stem 
bundles (fig. i). The primary phloem, external to the cambium, is 
made up of small groups of cells more or less continuous; the groups 
constituting the inner phloem are very variable in size and scattered. 
Groups of primary phloem appear also in the interfascicular region, 
where they may be seen on both sides of a well-developed cambium. 
Through branching and anastomoses the individual groups in each region 
communicate with one another, while through branch and leaf gaps a 
similar connection is effected between the inner and outer phloem. 

During the early vegetative development only groups of primary 
phloem are seen in a cross-sectional area of the stem. However, when 
tuber formation is under way, the cambium gives rise to a broad band 
of phloem (fig. 2). The amount of this secondary phloem varies with 
the location. In the nodal region the amount exceeds that found in the 
intemode, and in a given cross-sectional area, the larger amount is always 
found on the face of the larger stem bundles. 

While secondary phloem elements become differentiated and take part 
in the translocation processes, the primary phloem groups remain active 
until the plant is mature. The walls of the cells thicken slightly, and 
occasionally callus deposits cover the plates of the sieve tubes. Other- 
wise, there are no noticeable changes, either structural or chemic^, 
characteristic of the phloem of the mature plant. 

Local necrotic changes in the parenchymatous tissue, however, may 
be observed in any potato plant. The diseased areas are usually re- 
stricted and do not extend vertically for any appreciable distance. In 
the distal Stem region, especially the node, such small pathological areas 
are of frequent occurrence, but they usually disappear in the maturing 
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organs. The first appearance of such a diseased area is exhibited by 
a swelling in the cell wall, often accompanied by discoloration. At a 
later stage, browning of the walls is noted, while at the same time the 



Fio. Beclion oE young normal potato plant, showing general anatomical arrangement of vascular 

and fundamental tissues. 

lumen is partly or entirely filled with a gummy deposit which is homoge- 
neous or granular in nature. The parenchyma cells in the region where 
phloem fibers are differentiating show commonly an abnormal swelling, 
local in nature or extending laterally to include the walls of the peri- 
hperal phloem cells. 
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Any theory which could be postulated to explain the pathological 
disturbances in seemingly healthy individuals would natur^ly contain 
much of the hypothetical and be antecedent to our present toowledge 
of physiological phenomena. Temporary and local changes in the 
metabolism may cause the production of substances toxic to young and 
delicate cells. Microorganisms, which have occasionally been isolated 
from normal plants, could, under certain conditions, cause physiological 



Fio a —Mature normal stem section. Secondary phloem is well developed and by far exceeds in amount 

the primary tissue. 


disturbances with accompanying cytological changes. Mechanical in- 
juries may directly or indirectly produce similar effects. However, in 
the latter case it should be possible to trace the origin of the diseased 
area and to determine whether the cause was external or internal, and 
this has often been accomplished. 

INFLUENCE OF ENVIRONMENT 

An insight into the effect of environmental factors on the anatomical 
structure was obtained by studying a number of potato varieties grown 
at the high altitude station at Fort Lewis in Colorado. By taking ad- 
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vantage of the«nataral great diversity of ecological conditions, almost 
any desired combination of soil, moisture, and climatic factors could be 
had. Only where the natural agencies were inadequate or where a special 
combination of factors seemed advantageous was artificial control of 
these factors resorted to. Material for the study of the effect of progres- 
avely increasing water supply was taken from a field a part of which had 
become immdated by seepage from an adjoining mesa. 

Plants suffering from an oversupply of water showed anatomical 
changes resembling those observed in foot diseases. The primary xylem 
and parts of the secondary elements of the wood were discolored and 
the lumen was filled with a brown, gummy deposit. The phloem part 
of the vascular tissue was commonly unaffected, and in cases where 
necrosis of the phloem was observed the material came from doubtful 
stock. The diseased phloem groups, which were occasionally observed 
in such material, did not take the lignin stain but showed the typical 
brownish discoloration which is characteristic of necrosis in general. 

A greatly reduced water supply, or alternate wetting and drying, 
produced a denser and more strongly lignified wood. It neither in- 
hibited nor accelerated the production of pathological changes. 

The effect of shading was found to be closely bound up with the photo- 
synthetic activity of the plant. Plants which grew to maturity in the 
shade of the river bottom vegetation were rank and slender. The 
xylem was greatly reduced and lignification of the cells less pronounced, 
llie phloem remained normal throughout the life of the plants. 

Thus, qualitative changes in the phloem, as a result of extremes of 
environmental conditions, are uncommon. When present, the dis- 
eased groups are localized and are connected with or are under the 
influence of necrotic areas in adjacent tissues. The pathological changes 
in the phloem tissue consists in a browning, rarely a typical lignification 
of the cell walls. 

These observations, together with the fact that obliteration of the 
phloem, as a natural phenomenon in normal herbaceous plants, is dis- 
credited on theoretical grounds and disproved by extensive systematic 
studies, emphasized once more the fact that generalizations based on 
inadequate observations may lead us astray in the interpretation of true 
pathological changes, 

NECROSIS FOLLOWING EXTERNAL INJURIES 

By far the most common source of internal stem lesions is external 
injury produted by insects. The ensuing cellular changes may either 
constitute a direct response to the mechanical injury or be the result of 
irritations causing abnormal cell division and necrotic changes in the 
affected areas. 

The lesions become externally visible as abnormal swellings of the size 
ctf smaU pustules barely discernible to the naked eye (PI. i, A) or they are 
of the nature of large intumescences which may be seen in various stages 
of development. The oldest swellings are conspicuous by their brownish 
color and the fissured surface of tiie epidermis. The location of the 
lesions is the apical stem region and the young petiole. However, 
swelEngs may be found in any region regardless of the age and relative 
development of the organ. Concomitant vnih the formation of these 
intumescences is a change in the morphological development of the parts 
above the points of injury. The leaves are deformed and discolored. 
The leaflets fold along the midrib or roll in tubular fashion. The inter- 
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nodes are shortened and often appear almost telescoped. Withal, the 
morphological changes are of a type akin to the symptoms of leafroll 
and foot diseases. 

An examination of a section through a swollen area discloses to the 
naked eye a dark discoloration of Sie tissues. A microscopic study 
shows further that both vascular and cortical tissues are affected and that 
aside from necrotic changes there are regions of abnormal cellular activity. 
Sections through the advancing margin of a young pustule show that the 
first evidence of pathological changes is found in the cambium region. 
The xylem has matured irregularly, giving the peripheral region of the 
tissue a jagged appearance. In places one may observe mature groups 
of xylem embedded in parenchymatous tissue and completely separated 
from the vascular ring. In the more central part of the swelling the 
tissues appear completely disorganized. In cortex and pith are small 
groups of brown cells surrounded by concentric rings of thin-walled 
periderm cells. This latter type of necrosis is, however, frequently met 
with in normal plants, or is found in connection with other injuries. 

The phloem tissue, in the affected areas, shows the same pathological 
condition observed in general. The cell wall and content show a brown- 
ish discoloration, and in extreme cases entire cells or cell complexes may 
be obliterated. 

NECROSIS IN CONNECTION WITH STEM STREAK 

Potato tubers of the variety Irish Cobbler which were grown in the 
greenhouse developed extensive stem lesions on both young and maturing 
shoots. The lesions may best be referred to as “streak,’' the affected 
areas being elongated and brownish in color. Their advance along the 
stem is acropetal. In the nodal region the browning is especially pro- 
nounced and extends into the lower part of the petiole. 

The lesions are the result of necrotic changes in the cells of the collen- 
chyma and adjacent tissues. The hypodermis is often still green while 
the collenchyma cells underneath are brown and in a state of oblitera- 
tion. Soon, however, being cut off from the water supply, both epidermis 
and hypodermis die and the walls take on the same brown color as the 
cells underneath. In advanced lesions the necrotic areas extend through 
cortex and vascular tissue into the pith. In the nodal region the entire 
pith is reduced to a cavity lined with obliterated and discolored paren- 
chyma cells. If the epidermis from an advanced lesion is removed and 
cleared in chloral hydrate, the microscopic examination shows scattered 
through the homogeneous mass of brown cells small areas of dark- 
colored cells. These areas usually cluster around a stomate and extend 
centripetally into the pith. 

The behavior of the phloem cells is of special interest in this connection. 
Severe necrosis may be observed in both inner and outer phloem (PI. 2). 
The cells are brownish in color, the lumen distinct or partly closed by the 
pressure of the surrounding tissue. Characteristic intercellular spaces are 
also formed, and progressive lignification of the type diagnostic of leafroll 
is not uncommon. The necrotic phloem groups, however, seem to be 
restricted and limited by the extent of the external symptoms, there 
being no regularity either in their vertical or lateral distribution. It still 
remains to be shown whether this disease is definitely connected with 
leafroll, and, if in part distinct, whether certain aspects of the disease are 
not the result of secondary Infection by the leafroll virus. 
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TRUE PHLOEM NECROSIS AND THE LEAFROLL PROBLEM 

In the microscopic examination of potato vines one observes, occasion- 
ally, pathological changes associated with certain types of diseased plants 
which by virtue of their peculiar external appearance are grouped under 
the collective name of leafroll. Quanjer (6), while investigating the leaf- 
roll disease, noticed this correlation, and as the result of subsequent studies 
arrived at the following conclusion : 

'fhe lignification of the phloem is a dependable diagnostic symptom for the identi- 
fication of leafroll, and the physiological disturbance, occasioned by the destruction 
of the conducting system for plastic materials, accounts for the change in the mor- 
phological structure and for the reduction in yield. 

Stem sections of a typical leafroll plant exhibit, as a diagnostic internal 
symptom, a necrosis and lignification of the phloem groups. In case of 
severe external symptoms the diseased groups pervade the entire plant 
with the occasional exception of the underground organs. The distal 
stem region is commonly affected, and in nearly every instance the 
necrotic changes are of an extreme type. The basal stem region always 
shows necrfffic changes when external symptoms become evident while 
the plant is still young. As a rule necrosis of the phloem in the lower 
stem means general necrosis of the plant throughout its extent, but the 
symptoms may decrease toward the distal end or disappear altogether. 
At any given height of the stem the node is typically more severely affected 
than is the inteniode. This condition is especially observed in the initial 
stages of the disease, but during subsequent development either region 
may be equally affected. 

In petiole and midrib necrotic phloem groups may appear at a much 
later period, but the extent of necrosis is as a rule correlated with the 
severity of the roiling and the discoloration of the foliage. In the young 
leaf most advanced necrosis is observed in the middle part of the petiole 
probably because this part of the leaf is ontogenetically the oldest. In 
mature leaves, however, the midrib is often the organ which is most 
severely affected. 

In the underground organs of diseased plants the phloem strands are 
usually normal, but in severe cases both stolons and tubers wdll show 
evidence t)f necrosis. 

The lateral distribution of phloem necrosis is also subject to a great 
deal of variation. This is true for the phloem grouj)s of a certain region, 
but the difference becomes even more apparent when outer and inner 
phloem are compared. In a given cross sectional area one may observe 
phloem groups in various stages of degeneration. Entire groups may be 
affected in whole or in part. Often one notices perfectly healthy groups 
side by side with diseased ones, wdiich vseems the more remarkable if one 
recalls how closely the groups are connected with each other through 
branching and anastomoses. In the apical stem region the first stages 
of necrosis are found in the external phloem and only later in both 
regions. In the basal stem either region is found to be diseased, but often 
the inner phloem alone is completely destroyed while the outer phloem 
is altogether normal or shows, at the most, only initial stages of dis- 
organization. 

In petiole and midrib, necrosis is primarily restricted to the outer 
phloem. In advanced stages the bundles flanking the corners of the large 
lateral bundles are necrotic, and occasionally all the inner phloem is also 
diseased. 
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The progressive lignification of the 
phloem tissue can best be studied in 
sections taken through the distal stem 
region. Here one usually hnds a com- 
plete series of changes from the first 
cell response to complete disorganiza- 
tion of the elements. Before there is 
any detectable evidence of lignification 
the development of the vascular tissue 
shows a deviation from its normal 
course, which is indicated by a more 
irregular maturing of the xylem than 
is found in healthy plants (PL i, B). If 
such a section is stained with phloro- 
glucin and hydrochloric acid, one notices 
upon close observation that the phloem 
cells centrifugal to the depression in 
the cambium show a slight amount of 
lignification in parts of the wall. 

The cells of the pericycle in this 
region differ also from the normal type 
in having a greater radial diameter. 
As lignification progresses the entire 
cell wall or entire groups pf cells become 
affected, while at the same time the 
radial elongation of the pericyclic cells 
of the outer phloem and the paren- 
chyma of the perimedullary zone of 
the inner region becomes more pro- 
nounced (PL 3). The cells which first 
show lignification are commonly found 
adjacent to the fibers, but now and 
again lignification in a phloem group 
may start at the center and extend in 
a centrifugal direction. 

Prior to lignification of the phloem, 
to be tested microchemically, a swell- 
ing of the walls of tlie diseased cells 
takes place. Ferrous sulphate and po- 
tassium ferrocyanid at this stage impart 
a deep blue color to the walls, indicat- 
ing the presence of large quantities of 
pectic substances. The swelling of the 
walls extends from the region of the 
fibers centrifugally (PL 4, B). Grad- 
ually the cells lignify and pro^essively 
cells and groups of cells are withdrawn 
from active participation in conduction. 
In severe cases most or all of the 
primary phloem becomes destroyed (fig. 
3; PL 5). In the initial stages of ligni- 
fication of certain phloem groups the 
primary walls of adjacent cells swell 
and separate. The intercellular space 
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thus formed becomes filled with a brown deposit, which at a certain 
stage takes the lignin stain. Following the swelling of the wall there 
is often a disintegration of the wall substance. The swollen wall 
appears lamellate (PI. 4, A) and between the lamellae spaces are formed 
which are filled with a gummy substance. The cell content also 
degenerates and disappears in part or becomes transformed into a 
substance giving reactions similar to the interstitial substance described 
above. Following the death of the cell and the subsequent loss of turgor, 
the phloem elements collapse, unless rapid lignification lends sufficient 
rigidity to the walls and prevents their being crushed by the surrounding 
tissues. 

CONCLUSIONS 

The phloem of the potato, like that of the majority of herbaceous 
plants, remains normal throughout the vegetative period and up to late 
maturity of the plant. Although it is not affected by extremes in envi- 
ronmental conditions, it nevertheless undergoes pathological changes 
under the effect of certain metabolic disturbances such as probably 
exist in the leafroll disease. These changes consist in lignification or 
obliteration of cell w^all and content. However, while obliteration of the 
phloem is always observed in connection with leafroll, it is also an accom- 
panying phenomenon in other diseases. It is not so much its mere 
presence as its universality in distribution, coupled with the absence of 
necrosis in other tissues, which gives it a real diagnostic value. 
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PLATE I 

A. — Distal stem region. The swellings are due to insect injuries, they show as 
internal symptoms necrosis of vascular and cortical tissue 

B. — ^Hand section of potato stem affected witli leafroll The xylem is maturing 
very irregularly, which gives tlie cambium zone a jagged appearance. 
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PLATE 2 


Hand section of potato stem affected with “stemstreak.” Both xylem and phloem 
show necrosis. The necrosis of the phloem, however, is not a typical lignification. 

30617—23 5 



PLATE 3 

A. — Advanced necrosis of outer phloem in leafroll stem. 

B. — Advanced necrosis of inner phloem. 
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PLATE 4 


A. — Enlarged view of inner phloem group, showing the minute pathological changes 
in the structure of the cell wall. (Gold chlorid stain.) 

B. — Inner phloem group of potato stem, showing beginning stages of necrosis. Note 
the swelling of the walls of certain of the cells in the region of tlie fibers. 



PLATE 5 

Section througli a large stem bundle of a mature stem affected with leafroll. The 
inner phloem is completely destroyed while the outer phloem, on the other hand, 
is non^. 
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CULTIVATED AND WILD HOSTS OF SUGAR-CANE OR 
GRASS MOSAIC* 

By E. W. Brands, Pathologist, and Petsr J. Klaphaak» Assistant Pathologist, 
Office of Sugar-Plant Investigations, Bureau of Plant Industry, United States Depart- 
ment of Agriculture 

PURPOSE OF THE INVESTIGATION 

Since 1919, when it was demonstrated by the senior writer that grasses 
other than sugar cane are susceptible to the so-called sugar-cane mosaic 
{3> 4y 5)? a large number of experiments have been performed to deter- 
mine whether grasses in general are susceptible. It was especially 
important to learn whether the forage and field crops of the South are 
affected and, if so, to what extent damage is caused. On account of 
the comparatively recent introduction of the disease on sugar cane into 
this country, it was expected that crops in the vicinity of diseased sugar 
cane would be more likely to be affected. Accordingly these crops were 
closely scrutinized for symptoms similar to those on sugar cane, and 
when suspected cases were observed the plants were tested experimentally 
at Washington. Other closely related cultivated plants were tested, 
whether or not they showed signs of natural infection in the fields. 

Another class of grasses, namely, the weeds or wild grasses found in 
sugar-cane fields, was held under observation, and any species which 
showed signs of disease were similarly tested. The importance of 
having exact knowledge of the susceptibility of wild grasses to grass 
mosaic lies in the fact that the disease may be carried over winter in 
perennial grasses and may reinfect the susceptible annual grass crops 
in the spring. 

The r61e of wild perennial hosts in preserving the virus of mosaic 
through the winter has not been fully established, but they must be 
regarded as a potential source of danger, and our studies are justified 
on these grounds. In the South, even the annual grasses may be found 
in the growing state during the whole year. Sugar cane itself is a peren- 
nial, and the virus of mosaic is known to survive the winter in the stubble, 
as the ratoon plants invariably come up diseased in the spring if the 
plants of the previous year were infected. The attempt has been made 
in some regions to eradicate the disease by destroying all infected cane 
stools or by plowing out whole fields and planting to other crops for a 
year or more. The labor of course would be wasted if the disease were 
perpetuated in some unobserved wild perennial host. This method of 
eradication has been successful, however, in at least one sugar-cane 
region, where the disease was early observed and prompt and vigorous 
measures were taken to stamp it out. This region is the peninsular 
section of Florida where the disease no longer exists to our knowledge. 

More riian 40 grasses have been tested experimentally, either by arti- 
ficial inoculation or by means of insect inoculation or both. 
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EXPERIMENTAL INOCULATIONS 

As a result of these experiments it has been conclusively proved that at 
least 13 species of grasses are subject to attack by the identical virus 
causing sugar-cane mosaic. Undoubtedly there are many more, but with 
the limited space at the disposal of the writers it was impossible to carry 
on the work on a larger scale. Species which have thus far given nega-j 
tive results may in the future prove to be susceptible. Many factors have 
entered which no doubt have diminished the diances for infection fol- 
lowing these inoculations. Optimum growing conditions for many of the 
grasses do not prevail at Washington. Sometimes whole series of inocu- 
lations including known susceptible control plants failed, owing to un- 
known causes. Insect carriers became parasitized by other insects or 
died as a result of unfavorable conditions in the greenhouse, and they 
were not available or were not in a normal state when the plants were in 
the best condition for inoculation. In other words, tlie positive results 
attained must naturally carry more weight than tlie negative results, 
and in listing grasses as not susceptible it is merely meant tliat they did 
not become infected in these experiments. 

Though it is possible that there is more than one mosaic disease affecting 
grasses, and there is some reason for believing this to be so, this paper 
is concerned with one only, the well-known type which has recently proved 
so destructive to sugar cane in Porto Rico and the southern United 
States. 

The plants tested and found susceptible are shown in the following list : 

Cultivated crops- 
Perennial — 

Sugar cane Sacckarum ojicinarum. 

Annuals — 

Com Zea mays. 

Sorghum Holcus sorghum. 

Pearl millet Pennisetum glaucum. 

Ornamentals: 

Perennial — 

Eulalia Miscanthus sinensis. 

Wild grasses: 

Perennial — 

Wild sugar cane Saccharumnarenga (S. P. I. No. 38332).* 

Annuals — 

Bull-grass Paspalwn boscianum. 

Crab-grass Synikerisma sanguina lis . 

Yellow foxtail Chaetochloa luiescens. 

Giant foxtail Chaetochloa magna. 

Barnyard grass Echinochloa crusgalli. 

Panicum Panicum dichotomijlorum, 

Brachiaria Brachiaria plaiyphylla. 


* A variety o{ Sacckarum narenca is cultivated in China, according to Mr. Prank N. Meyer 
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The grasses tested with negative results are given in the following list: 


Cultivated crops* 

Perennials— 

Madake bamboo 

Edible bamboo 

Para grass 

Napier grass 

Merker grass 

Australian giant-grass. 

Johnson grass 

Annuals — 


Phyllostachys quilioi, 
Phyllostachys f>ubescens, 
Panicum barbinode. 
Pennisetum purpureum var. 
Do. 

Do. 

.Holcus halepensis. 


^eat, Power Fife (C. I. 3697). 

I. 134) Avena saliva. 


.Trilicum aesiivum. 

Oats, Swedish Select (C. ^ 

Rye, Von Runker No. 2 (C. I. 174) Secale cereale. 

Barley, Marionet Hordeutn vulgare. 

Rice, Blue Rose (C. I. 1962) Oryza saliva. 

Teosinte Buck laena mexicana, 

Redtop Agrostis paluslns. 

Timothy Phleum pratense. 

Bluegrass Poa pratensis. 

Ragi millet Ekusine coracana. 

Ornamentals* 

Perennials — 

Variegated Eulalia Miscanthus sinensis variegatus. 

Do Miscanthus sinensis zebrinus. 


Annual — 

Job’s-tears 

Wild grasses: 

Perennials — 

Broom sedge. .. . 

Broom sedge 

Little bluestem . 

Indian reed 

Gama grass 

Annuals — 

Green foxtail . . . 
Red sprangletop 


Coix lackryma-jobi. 


Andropogon virpinicus. 
Andropogon elltollti. 
Andropogon scoparius. 
Sorghasirum nutans. 
.Tripsacum daclylotdes. 

Ckaelochloa viridis. 
Leptochloa filtformis. 


It is noticeable that although plants have been selected for experiment 
from the entire grass family, the ones which proved susceptible are without 
exception confined to the tribes Paniceae, Andropogoneae, and Tripsaceae. 
In his phylogenetic arrangement of the genera of grasses, Hitchcock (9) 
divides the grass family into 13 tribes and places the 3 tribes here men- 
tioned together as representing the highest type of development. It is 
significant that this arrangement, based on mo^hological characters, 
should prove so regular with respect to susceptibility to this disease. 
Since it is to be expected that closely related species are more likely to be 
affected by the same diseases than species located remotely from one 
another, the relationships are corroborated in an interesting and novel 


manner. 

The possibility of the existence of more than one type of mosaic among 
the grasses has been mentioned. A type of mottling in the edible bamboo 
{Phyllostachys pvhescens) from China resembles our mosaic very strikingly. 
It was first observed in one plant out of a lot of four being held in the 
detention house at Washington. Subsequently two other plants became 
affected. The writers have no experimental evidence that this is an 
infectious disease. It was found impossible to infect this species of bam- 
boo with the sugar-cane mosaic. Furthermore, it is not nearly related to 
any other grass found susceptible to our mosaic but stands at the extreme 
opposite end di the list of tribes of the grass family. 

A specific mosaic of Nicoiiana idscosum distinct from the mosaic of 
N. tabacwm has been rq)orted by Allard (j), who states that the mosaic of 
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AT. viscosum is more difficult to transmit artificially tiian the common 
tobacco mosaic. Datura stramonium was the only sol^aceous plant found 
susceptible to both mosaic diseases. Allard suggests that results of inocu- 
lations with tobacco mosaic by various European investigators which are 
inconsistent with his own may be due to the existence of difietent types 
of mosaic in the Solanaceae. 

COMPOSITE RECORD AND RESUETS OF EXPERIMENTS 

The technic of the work here reported has been exactly the same as 
that described in a previous paper (5). All inoculations were made 
with one-half to 2 cc. of cell sap, obtained by squeezing young stalks in 
a powerful press under mineral oil. The virus or healthy sap was in- 
jected near the growing point by means of Leur all-glass hypodermic 
syringes provided with Yale 24- gauge needles. The results of the experi- 
ments are given in support of the facts presented in the preceding pages. 
In order to save space, composite records of the experiments are shown 
in tabular form. 

Table I includes tests made for artificial transmission. 

Tabi^K I . — Composite record of tests of the ariiflctal iransmtsston of grass mosaic 



Num- 

Date 

inoculated 

1 


Results. 

Species. 

lier of 
plants 

Inoculum. 

Date. 

examined. 

Condition. 

Saccharu m ojffictnaru m 

4 

Oct. 4»i9ao 

Virus from sugar cane 

Oct. j8, J 990 

3 mosaic. 

var. Louisiana Pur- 
pie 

Do 

4 


variety B6450. 

Sap from healthy sugar 

Nov. x5>Z9so 

All healthy. 

Do 

4 

. . . .do 

variety 86450. ! 

Virus from B6450 passed 
through Berketeld filter. 
Virus from B6450 mixed 
with equal part of o.a 
per cent phenol 

Virus from B6450 mixed 
with equal part of 0.05 
per cent CuSO*. 

Virus from B6450 mixed 
with equal part of s per 
cent formolm. 

Virus from B6450 mixed 
with I per cent Carrol 
Dakin solution 

Virus from 86450 mixed 
with 0. 1 per cent HgCI^ 
Virus from B6450 diluted 

1 i/ioo with distilled water 
Virus from B6450 diluted 
i/x, 000 with distilled 
water. 

Virus from B6450 diluted 
i/xo, 000 with distilled 
water. 

Virus from Louisiana 

Oct x8, 1930 

3 mosaic. 

Do 





Do 



Nov 15, 1920 

do 

All healthy. 

Do. 

Do 


do 





Do. 

Do 


do 


Do. 

Do 

4 

do 


Do. 

Do 

4 


. . do 

Do. 

Do 


do 

. , . ^ .ilo.. T - - - - 

Do. 

Do 

8 

Aug 4. 1930 

Aug 38. 1920 

6 mosaic. 

Zta fnays var. U. S 

3 

do 

Purple 

....do 

Sept. 39. X9SO 

AU healthy. 

Selection No, xSa. 
Holcus sorghum 

2 

. . . do 

. . do 

Aug. aS. X930 
do 

3 mosaic. 

5 mosuc. 

Both healthy. 

6 mosaic. 

All heal^y. 

Syntherisma sangutna- 
Its. 

Cotx Usckryma-y^ 

6 

do 

. . , , .do. 



do. 

Sept. 39. X930 
Aug. 38.1930 
Sept. 39. 1930 

Pennisetum gCaucuw 

6 


do 

Saccharum offianarum 

8 

do 

Sap from healthy sugar 

var. Louisiana Pur- 
ple. 

Zea mays 

3 


cane, variety Louisiana 
Purple. 

do 

. . . . do.. 

Do. 

Do. 

Do. 

Do. 

Do. 

Holcus sorghum 

a 

do 


do 

Synthertsma sangutna- 

6 



do 

Its* 

Cotx taekrymudohu .... 

3 

do 


do , . . 

Pesmisetum gtoucum . . 

6 

do 


do 
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It will be noticed that in the experiments the virus was treated in 
various ways. In at least one experiment virus which had been passed 
through a Berkefeld filter * caused infection in 75 per cent of the plants 
inoculated. Other similar experiments have failed to give such convinc- 
ing results, but owing to the fact that control plants inoculated with 
imtreated virus also show a low percentage of infection, indicating a less 
potent virus, the writers are inclined to attach considerable importance 
to the successful experiment and believe that the virus will pass through 
certain diatomaceous earth filters. 

In some experiments the virus was shaken in bottles with various 
bacteriacidal chemicals one hour before being injected into the plants. 
With one exception none of the virus treated in this way caused infection. 
One plant in a series of four inoculated with virus treated with weak 
phenol solution became mosaic in 14 days. The same lot of virus diluted 
with distilled water in various proportions gave negative results. Virus 
capable of causing infection when used immediately after being expressed 
from diseased stalks was found in one experiment to be without effect 
when injected 24 hours later. The virus of grass mosaic is less stable or 
more sensitive to the influence of its environment than that of many 
other similar diseases, notably the tobacco mosaic. In these experiments 
it has been found very refractory and difficult of physical manipulation 
or chemical treatment without loss of virulence. 

The results of the experiments on insect transmission of the disease 
are given in Table 11 . “Virulent'* insects were obtained from mosaic 
sugar cane or from mosaic sorghum artificially inoculated with virus from 
sugar cane, “Nonvirulent" insects were from healthy cane or sorghum. 
These experiments were performed in insect-proof compartments in a 
mosaic-infested greenhouse. 


TablB II . — Composite record of the tests of the insect transmission of the grass mosaic 



Num- 




Results. 

Species. 

ber of 
plants. 

Date exposed 

Character. 

Insect. 

Date 

examined. 

Condition 

Sacckarum officina- 

3 

Feb. At tgao 

Virulent. . . 

Aphis maidis. . 

Feb. 38,1930 

3 mosaic. 

rum var. Louisi- 
ana Purple. 





Do 


do.... . 

Nonvimlcnt 


Mar X4, 1930 
do 

AU healthy. 

Do. 

Do 

6 

do.. . . 

Virulent . 

Dratculaceph- 
ala moltpes 

Do 

6 

. ..do . ... 

Nonvirulcnl 

do. . . . 

do 

Do. 

ZeamavsvAT. U. S. 

6 

Mar. Z 3 , 1930 

Virulent . . . 

Aphtsmaidts . 

Apr. t>, 1930 

4 mosaic. 

Selection No 183 






Do 

6 

. do 

Non virulent 

i . . do 

May 1, 1930 

All healthy. 

Do 

so 

Mar. 30,1930 

Virulent . . 

. .. do 

May 38, 1920 

mosaic. 

Do 

so 

... do 

Nonvirulent i 

.. . do. 

.. .do 

AU healthy. 

Trittcum sativum 

so 

May 30 , 1930 

Virulent. , . . 

.. do .... 

Aug 1,1930 

Do. 

var. Power Fife. 








do 

....do... . 

Nonvirulent 

. . do 

. , . , do 

Do. 

Hordtum vulgare 

50 

Virulent . 

. . do 

... .do 

Do. 

var. Marionet. 






Do 

50 

do... 

Nonvirulent 

.. ..do 

... .do 

Do. 

Sceo/e ctreaU var. 

SO 

.... do .. 

Virulent. . . 

do 

....do 

Do. 

Von Runker 
No a. 




do. 


Do 

SO 

50 

do 

Nonvirulent 

do 

Do. 

Avena sedna var. 

do 

Virulent, . .. 

....do 


Do. 

Swedish Select. 




do 


Do 

SO 

.... do 

Nonvirulent 

do 

Do. 


* Xhki WM % fiHier ootrte filter. When immersed in water it withstood a pressure of only 3 pounds 
befom paMing ImtibleB. 
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Tabi,® II . — Composite record of the tests of the insect transmission of the grass mosaic^ 

Continued 



Num- 




Results. 

Species. 

ber of 
plants. 

Date exposed. 

Character. 

Insect 

Date 

examined. 

Condition. 

Otyza sativa var. 
C I No. 196a. 

so 

May 30 , 1930 

Virulent. . . . 

Aphis matdts. 

Aug. X, 1930 

All healthy* 

Do 




do 



Eleuttnt coracana 
var. S. P. I. No. 
43190. 

so 


Virulent 


do 

Do. 

Do 

50 

. ..do 

Nonvirulent 

... .do 

. ..do 

Do. 

AqtosUs Palustrts . . . 

40 

May 15,1930 

Virulent . 



Do. 

Do 

40 

. .do . . . 

Nonvirulent 

do 

do 

Do. 



do 




l 3 o. 

Do 






Do. 








Do ....' 






Do. 







Do. 

Do..' 






Do. 

Coix lachryma-jobi 

6 

... do 

Virulent. .. 

.. ..do 

June 13, X 930 

All mottled; 
not clear case 
of mosaic. 

Do 

6 

. do 

Nonvirulent 

.. do 

. . . do 

All healthy. 

Miscanthus sinensis 

16 

May 30, 1930 

Virulent 


July is>X9ao 

5 mosaic. 

Do 

6 

do ... 

Nonvirulent 

. do 

. . .do 

All healthy. 

Penntseium purpu- 
reum. 

4 

May 30, 1930 

Virulent . 

... do.... 

June 30,1930 

Do. 

Do 

4 

do 

Nonvirulent 

.. do 


Do. 

Merkersrrass 

4 

do 

Virulent 


... do 

Do. 

f Do 

4 

....do 

Nouvirulent 

....do 

.... do 

Do. 

Australian giant 
grass. 

4 

. .. do 

Virulent .... 

... do. ...... 

July 6. 1930 

Do. 

Do 

4 

... do 

Nonvirulent. 

... do 

... do 

Do. 

Synthertsma sangut- 
nalis. 

10 

June 1, 1930 

Virulent .... 

....do 

July 39, Z 930 

6 mosaic. 

Do 

xo 

... .do 

Nonvirulent 

....do 


All healthy. 

Zea mays V AT, IJ S. 
Selection No 183 

so 


Virulent . . 


July 38, 1930 

a mosaic. 

Do 

so 

. . do 

Nonvirulent 



All healthy. 

PasPalum boscta- 
num. 

3 

July 3z, 1930 

Virulent . . . 1 

.. ..do 

Aug 31, Z 930 

3 mosaic. 

Do 

3 

. do 

Nonvirulent. 

Ho 



Saccharum offictna- 
rum var. Louis- 
iana Purple 

zo 

Au^ 3, 1930 

Virulent . . . 

. . . .do 

Aug 38, 1930 

3 mosaic. 

Do 

10 

.... do 

Nonviruloxt. 

... .do 

Sept. 15. 1930 

All healthy. 

Zea mays 

zo 

.... do . . . 

Virulent . . . 

.... do 

Aug. 38, 1930 

3 mosaic. 

Do 

zo 

do. 

Nonvirulent 

... do. . . . 

Sept. z5, 1930 

All healthy. 

Holcus sorghum . . . 

5 

.... do , . . 

Virulent .. 

. , do 

Aug. s8, X930 

s mosaic. 

Do 

5 

. . . .do 

Nonvirulent 

. .do 

Sept. IS, 1930 

All healthy. 

Cotx lachryma-jobt. . 

5 

.... do 

Virulent 

, . • . do , - • • . 

... .do. ...... 

Do. 

Do 

S 

do 

Nonvirulent 

... do ....... 

do 

Do. 

Synthertsma sangut- 
nalts. 

s 

do 

Virulent .... 

.... do 

Aug. a8, zgao 

5 mosaic. 

Do 

5 

do 

Nonvirulent. 

. do 

Sept, i5> Z930 

All healthy. 

Miscanthus smensis. 

a 

.... do 

Virulent 


* Oct. 3. 1930 

a mosaic. 

Do 

a 

.... do 

Nonvirulent. 

.... do 


All heaJthy. 

Saccharum offictna^ 
rum var. Louis- 
iana Purple. 

xo 


Virulent .... 

[ 

Kolia simtlts . . 

Sept. Z5, S930 

1 

Do. 

Do 

zo 


Nonvirulent. 


Sept. 9. 1930 

Pp. 

Zea mays ... 

zo 

.... do 

Virulent .... 



Do. 

Do 

zo 

do 

Nonvirulent. 

do ^ - 

do 

Do, 

Holcus sorghum .... 

5 

do 

Virulent .... 



Do. 

Do 

5 

.... do 

Nonvirulent 


do 

Do. 

Coix hchryma-jobi . . 

5 

.... do 

Virulent ... 

.... do 


Do. 

Do 

5 

.... do 

Nonvirulent. 



Do. 

Synthertsma sangui- 
nalis. 

5 


Virulent .... 



Do. 

Do 

5 


Nonvirulent. 


do 

Do. 

Miscanthus sinensis. 

a 


Virulent .... 

.do 


Do. 

Do 

a 


Nonvirulent. 



Do. 

Saeehorum officina- 
rum var. Louis- 
iana Purple. 

xo 

do 

Virulent .... 

DraeculacePh- 
ala molipes. 

do 

Do. 

Do 

zo 

do 

Nonvirulent. 


do 

Do. 

Zea mays 

zo 


Virulent — 


do 

Do. 

Do 

zo 

do 

Nonvirulent.! 



Do. 

Holcus sorghum . . . . 

5 

do 

Virulent 


Sept. X5. X9S0 

Do. 

Do 

5 

do 

Nonvirulent. 

do 

do 

Do. 

Coix laehryma-jobi. . 

5 

do 

Virulent .... 


do 

Do, 

Do 

5 

do 

Nonvirulent. 

do 

do 

Do. 
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'Tabl® II . — Composite record of the tests of the insect transmission of the grass mosaic — 

Continued 


Num- 
ber of Date exposed. Character, 
plants. 


Date 

examined. 


Syntherisma tan- 
ifuinalis 

Do . ...... 

Miscanikus sintnsts. 

Do 

Sraekiaria piaty- 
hylta. 

Do 

’Syntherisma sang- 
uinahs 

Do 

Pasftalum boscia^ 
nwm. 

Do 

Lepiochloafiiiformts 

Do 

Saceharum offictna- 
rum 

Zea mays 

Holcus iorghum . 
Cotx lachryma jobi. 
Syntherisma sangu- 
tnalts, 

Mifcanthus sinensis 
Leptochloa/Uiformis. 
Saceharum officinal 
rum 

Hokus sorghum 
Chaelochloa lutes- 
cens. 

Syntherisma sangui- 
nalts. 

Paspalum boseta- 
num. 

Saceharum officina- 
rum. 

Do 

Echtnochloa crus- 
gallt 

Mtscanthus rmenju 
zebrina, 

Miscanthus sinensis 
variegata. 

Sorghasirum nutans 
Chaetochloa magna 
Paspalum boscia- 
num. 

Chaetochloa magna . 
Chaetochloa lutes- 
cens. 

Andropogon elhottii 
Andropogon virgtni- 
eus. 

Andropogon seopia- 
rus. 

■Syntherisma sangui- 
nalis. 

BfocAiarta platy- 
Pkylla. 

Panicum dichotomi- 
Aorum 

-Sorghastrum nutans. 


S Aug. 3, igzo 

5 .... do 

a . ..do ,. 
a . . . do ... . 

7 July 13,1930 

5 .. do 

a Aufi. 16. 1930 


... .do 

do.. .. 


Nonvirulcnt 
Virulent 
Nonvirulcnt. 
Virulent . . . 

I Nonvirulcnt 
! Virulent . . . 


I Nonvirulcnt 
! Virulent . . . 


a ... do 

z Auff. 17, 1930 

z , do ...... . 

3 Sept. 3, 1930 

3 .... do 

a . do . ... 

a .... do .... 
a do 

a ... do ... . 

6 . do... . 

10 Oct 1, 1930 

IS Feb. 3, 1931 

3 . . do 

4 ....do .... 


3 Apr. 7, 1931 

3 Apr. 13, 1931 

4 ... do 


4 May 35, 1931 


4 ....do. 


Nonvirulcnt 
Exposed on 

....do 


6 do 

6 ..do 

6 ....do 


Drapcuhcepk- Sept. 15, 1930 j 
ala molipes 1 

....do do I 

... do do 

do do .... 

Apkts matdts .. Aug. 13, 1930 | 


.do do 

. do ....... Sept, ao, igao 


Nonvirulcnt. 
Virulent 
Nonvirulcnt. 
Virulent . . . 


....do 

, . .do 

... do 

... do. ... 

... do 

do 

Exposed on 
ledge « 

. . .do . ... 
. do 


. do do. 

.do do 

do .do. 


Draeculaceph 
ala molipes. 

. . do 

. . do 

... do . ... 
do 


do .... 
A phis maidis 


Draeculaceph 
ala molipes. 
. .. do .. . 


... do 

....do 

. ..do 

do 


All healthy. 
Both mosaic. 

Both healthy. 
Both mosaic. 

Both healthy 
Healthy. 

Do. 

All healthy. 


. .. do 

. Nov. iS, igao 
Feb. as, 1921 

Apr. a, 1921 
... do .. . 


Do. 

Do. 

9 mosaic. 

I 6 mosaic. 

3 mosaic. 

j All healthy. 


May 6 , 1931 

t.. do .... 
I May as, igai 


Aphis maidis June 20,1931 


All healthy, 
a mosaic, 

4 mosaic. 

a mosaic. 

All healthy. 


do 

.do 


. do do. 


..do do. 


All healthy. 


Both healthy. 


a These plants were merdiy exposed to natural infection by being placed on a ledge in a greenhouse 
Gontaining infected plants with which they were not in direct contact. 


The percentage of plants infected in both artificial-inoculation and 
insect-transmission experiments is not high in many cases, but the 
results are conclusive owing to the conditions under which all experi- 
ments were performed. All grasses for experimental purposes were 
^own in a greenhouse at Washington hundreds of miles from any known 
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cases of natural infection. When suitable for inoculation they were 
removed to another greenhouse where the inoculations were performed. 
In practically every case equal numbers of plants were inoculated with 
nonvirulent juice as controls. Insect- transmission experiments were 
conducted in cages in a third greenhouse with plant material raised in 
the greenhouse first mentioned. In these experiments also equal num- 
bers of control plants were placed in adjoining cages. No case of mosaic 
has occurred among the control plants in any experiment performed. 

In some experiments a method of handling aphids was developed by 
which the tedious operation of lifting individual insects with a camel’s 
hair brush was eliminated. Small bits of infected sorghum leaves 
covered with the insects were clipped off with scissors and placed on or 
tied to the plants to be tested. Similar pieces of leaves from which the 
insects had been carefully removed were tied to a scries of control plants, 
and healthy leaves with nonvirulent aphids were tied to a second series 
of control plants. Although it is necessary to run two sets of control 
plants in order to check all factors properly, this method was found to 
be of great convenience. The experiments noted in Table III were 
performed in the manner described. 

Tabi.E III. — Results of a test of the insect transmiKswu of grass mosaic by the new 

method 


Species 

Num- 
ber ot 
plants. 

Date exposed. 

Treatment 

Saukarum ojticmarum 

3 

Aug 3, 1920 

Aphids on mosaic leaf 

VAT. Doutsiana I'urple 

3 

.do .. 

Mosaic leaf, uo insects 

Do . ... 

3 

do , 

Aphids on healthy leaf . . 

Zea mays 

3 

do 

Aphids on mosaic leaf . , . 

Do 

3 

. do 

Mosaic leaf, no insects 

Do 

3 

.. .do. 

Aphids on healthy leaf 

Holcus sorghum 

3 ^ 

. . do 

Aphids on mosaic leaf 

Do . . 

2 

do 

Mosaic leaf, no insects 

Do. .. 

2 

...do 

Aphids on healthy leaf 

Mtscanthus smtnsts 

I 

do . 

Aphids on mosaic leaf 

Do 

1 

-do • • . 1 

Mosaic leaf, no insects 

Do .... 

I 

do 

Aphids on healthy leaf 

Synthfrtsma sanguma- 

2 

. do 

Aphids on mosaic leaf 

kts 

Do 

2 

do .. 

Mosaic leaf, no insects 

Do 

2 

dt> 

Aphids on healthy leaf 


Results. 


Date 

examined. 


Condition 


AVR 34, 1930 
Sept 15, 1930 
do . . 

Aur 30, 1930 
Sept 15. 1920 
do . , , 

Aug 26 , 1920 
Sept Ts, 1930 
do 

Aug 30, 1920 
Sept IS. 1920 
do . . 

Aug 30, 1930 


3 mosaic. 

All healthy. 
Do 

3 mosaic 
AH healthy. 
Do 

Both mosaic 
Both healthy 
Do. 
Mosaic. 
Healthy 
Do. 

Both mosaic. 


Sept 15, 1920. Both healthy.. 
, do . Do. 


Although a considerable number of species of insects have been tested 
for their ability to act as carriers of grass mosaic, it has been demonstrated 
only for Aphis maidis {A, adtisia) by the writers. Our results on the 
transmission of the disease with this insect have been corroborated by 
Ledebocr (ij) who has also succeeded in transmitting it by the use of 
A. sacchari. Owing to its abundance and omnivorous habits, A. maidis 
has been found very convenient for use in ascertaining the susceptibility 
to mosaic of various grasses. Several grasses, notably corn and millet, 
have been found by the writers to be very difficult or even impossible to 
infect by artificial inoculation, but it is comparatively easy to bring about 
infection by tlie use of virulent corn aphids. The com aphids, of course, 
do not feed on all the grasses equally well, and on some it was found quite 
impossible to establish them. They are not abundant on sugar cane. 


• Since this paper was prepared, nearly two years ago, the work reporttd in Ledeboer's preliminary 
report has appeared. WiLBRiMrK, G. oKPgR oeK naar dq VBRBRQrottro PgR OPlfRatJKBRRMT- 

asiKtE DOOR Bi.ADw;xzBN.” In Archief Sutkerindus. Nederl. lndie, Meded. v. h, pro^st. v. d.. 
Javasmkenndus. 1923 , no. 20 , p. 423 - 456 . Dr. Wilbrink confirms A. tnaidu as a vector ot mosaic but 
not A, sacchari. 
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A. maidis has been reported on sugar cane, however, (5, <?, iSy, and on 
other crops from many sugar-cane regions. 

While it is usually difficult to establish Aphis maidis on sugar cane in the 
greenhouse by transplanting them from other grasses, they sometimes 
migrate naturally to the cane and are found on it in large numbers. One 
of the worst infestations of any grass by A. maidis ever seen by the 
writers was on sugar-cane seedlings about 5 months old. It was brought 
to our attention by Dr. B, T. Galloway, who was growing the seedlings 
in one of the Washington greenhouses. In some of our experiments where 
A. maidis failed to become established and disappeared within 2 or 3 
days, the plants nevertheless were infected by them and showed symptoms 
after the usual incubation period of 14 to 20 days. Corn, sorghum, and 
pearl millet are favorite food plants for A. maidis, which is frequently 
found on them in enormous numbers. The insect is an ideal carrier in the 
case of these three crops. Several species of leafhoppers have been held 
under suspicion as vectors of grass mosaic on account of strong indirect 
evidence, but no positive proof of such capacity on their part was devel- 
oped. 

SOME ECONOMIC ASPECTS OF GRASS MOSAIC 


TESTS with cane VARIETIES OF THE NORTH INDIA TYPE 

Practically all of the well-known varieties of sugar cane are suscepUble 
to grass mosaic. Prof. F. S. Karle noticed, however, that the so-called 
Kavangire, a variety of the slender North India type, was not affected 
under conditions favorable to the transmission of the disease (15). 
Later observations have indicated that the Uba, grown extensively 
in Natal, and Cayana No, 10, in the sirup sections of this country, are 
apparently immune. These varieties are of tlie same type, and Prof. 
Karle has declared that Kavangire is identical with the old well-known 
Uba (d). A collection of varieties of this type from various parts of 
the world was brought together in Washington to determine whether 
immunity to mosaic is characteristic of the whole group. They were 
placed in a greenhouse exposed to natural infection, with the results 
indicated in Table IV. 


Table IW .'■‘"Suscephbthty to the mosaic disease of the varieties of the North India type of 

sugar cane 


Variety. 

Date exposed. 

Result. 

Dale exommed 

Condition. 

Uba 

Kavangire 

Cayana No. 10 

Saccharum narenga (S P 1 . No 

38332)- 

Khera (S.P.I. No. 33242) ... . 

Merthi (S.P.I. No 33243) 

Kinar (S.P.I. No. 3324*;) 

Chikusho (S.P.I. No. 29106) 

Var. from Kagawa Ken (S.P.I. 
No. 29107). 

Kikaiga^iixia (S.P.I. No. 29108) . . 

Oshima (S.P.I. No. 29x09) 

Chikucha (S.P.I. No. 30464) 

Jan, 6, 1921 

do 

...do,. . 
do 

.do 

. . do 

. . .do 

. . .do 

... do 

. . .do 

do 

do 

July 1, 1921 

do 

do ... 

Jan. 25, 1921 

do 

July J, 1921 
.do . ... 
Jan. 25, 1921 
.do 

. . do 

July 1, 1921 
Jan. 25 1921 

All healthy. 

Do. 

Do. 

All mosaic. 

Do. 

All healthy. 

Do. 

All mosaic. 

Do. 

Do. 

All healthy. 

All mosaic. 


• Mr. A. C, Baker reports Aphu maidis cm sugar cane in the quarantine greenhouse of the Feder^ Ho^- 
cultural Board at Waahiuaton. March xt, 1930 (in letter to the writers. December a, 1921), and Mn Geo. w. 
Wolcmtt rQiorts ^MitogthTs species on sugar cane in Porto Rico (in letter to Dr C. O. Townsend, December 
30, X 9 ax), 
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With the exception of the plants labeled Saccharum narenga, these 
varieties are all very similar, and some of them may be identical. They 
are of the slender North India type and probably have a common origin, 
but this experiment proves that not all varieties of this type are immune 
to mosaic. Varieties from India, China, and Japan proved to be sus- 
ceptible. They are apparently scarcely injured by the disease. The 
le^F symptoms are much less conspicuous than in the thick-stalked 
varieties of sugar cane, and there is no evidence of stunting. In this 
respect they are like the well-known Java seedling varieties resulting 
from crosses between the Chunnee S and Striped Preanger 9 and between 
Chunnee d and Black Cheribon 9 . 

TESTS WITH CORN VARIETIES 

That some varieties of corn are severely injured by grass mosaic was 
shown by the senior writer in 1920 (4), In 1921 a large number of com 
varieties were tested in southern Georgia for immunity or resistance to 
the disease. The first experiment included 40 varieties of field, sweet, 
and pop corn from all of the corn sections of the United States.’ About 
25 plants of each variety were grown near the center of a field of first 
ratoon Louisiana Purple sugar-cane plants, more than half of which were 
mosaic. Seeds were planted in the field on April 15, 1921. On July 15, 
1921, the plot was examined and notes were taken on tlie percentage of 
infected plants in each variety. The results are given in Table V. 

Table V . — Results of tests for resistance to mosaic of varieties of corn planted on April 

I 5 > 19^1 




Per- 



Per- 



cent- 



cent- 



age of 



age of 

Variety. 

Source of seed. 

mosaic 

Variety. 

Source of seed 

mosaic 



on 



on 



July IS. 



July 15, 



1921. 



1921. 

Native 

Georijia 

ao 

Clarage (U. S. Selection 

Xlaryland ... 

0 

Pope Prolific .... 

Florida 

ao 

No. laO 



U. S Selection No i6s 

Texas . . 

35 

Boone County (U S. 

Nebraska... . 

0 

U. S Sclectiou No. 170 

... do 

40 

Selection No. iko ). 



Laguna 

... do . 

10 

St Charles (U. S Selcc- 

.. do 

0 

Brazos 

do ... 

5 

tiou No 202). 



Arlington Prolific . . 

Mississippi . . 

17 

Lancaster ,Su recrop 

Illinois 

0 

Red Cob 

do 

zo 

U S Selection No. 160 

California 

15 

Millpond I’rohfic 

Georgia ... 

20 

j Orange County Prolific 

i.. . do 

15 

Whatley Prolific . 

do . 

IS 

1 U. S. Selection N 0. 204 . . 

i South Dakota 

10 

Gerrick 

South Cat ohna 

12 

j Noithwestcm 

North Dakota 

0 

V. S Selection No, aoi . 

Arkansas .. 

12 

Geliu 

.... do 

0 

Cuban Yellow 1 

Florida ... 

30 j 

Pearl 

.. . do 

0 

Station Yellow j 

A laljama . 

0 

U. S. Selection No 133 

Wisconsin 

0 

Singletou 

Texas . 

0 

Hall Gold Nugget vU. S. 

New York... . 

0 

Huffman ' 

Tennessee. . 

10 

Selection No 193). 



U, S Selection No 230 

Virginia 

$ 

Arlington Pcniviaus. . . . 

Virginia 

ts 

Boone County (U S 1 

1 .do .... 

10 

Pueblo Black 

New Mexico 

0 

Selection No 119). ' 

! 1 


White Rice 

Virginia 

4 

U. S. Selection No. 120 ’ 

1 . .do .... 

0 

Yellow Pearl 

.... do 

4 

U, S. Selection No 182 

do 

xo 

Hull-less 

Michigan , . . . 


Wood burn (U, S. Selec- 

j Ohio 

0 

Golden Bantam 

Virginia.. . . ... 


tion No 77). 



Country Gentleman. . . . 

....do 

0 


Twenty-three of the 40 varieties became affected with mosaic in this 
experiment. All varieties from the Southern States excepting 4, which 
later proved susceptible, were more or less affected by the disease; but 


J The seed these varieties was furnished through the courtesy of the Office of Cereal Investigations. 
U. S. Department dt Agnculture. 
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the v^ieties from Northern and Western States were conspicuously free 
from it. This result may be due in part to the fact that the northern 
and western varieties were subnormal in vigor. They were for the most 
part only half as tall as the southern varieites. It is now well known that 
a slight shortening of the accustomed length of day may check vegetative 
growth and hasten maturity in some varieties of plants (7) , and this fact 
may account for the subnormal development of tliese varieties. It has 
been our experience that stunted plants are more difficult to infect 
experimentally than normal ones. The explanation for the low per- 
centage of infection in the varieties which were out of their proper 
environment may therefore be due to this fact rather than to any innate 
character of resistance. 

A second experiment on a much larger scale with southern varieties of 
field com was started on May 15, one month after the first experiment. 
About 3 acres of corn, approximately equally divided among 17 varieties, 
was planted in a field immediately adjacent to badly diseased first 
ratoons of Louisiana Purple sugar cane. On July 15 the whole planting 
was carefully examined and a large proportion of all varieties was dis- 
covered to be already affected by the disease. The percentage of dis- 
eased plants on that date is given in Table VI. 

Tabi^S VI . — Results of tests for resistance to mosaic of varieties of southern field corn 
planted on May is, 1921 


Variety. 

Source of seed. 

Per- ‘ 
cent- 1 
age of • 
mosaic 
on ' 
July IS. 
192X. 

Variety. 

Source of seed. 

Native 

Cxcorgia . . 

15 ! 

Wliatlcy Prolific 

Georgia. . , 

Pope Prolific , , 

Plorula , 

75 

Gernck . 

South Carolina 

U. S Selection No 165 

Texas 

30 

U. S Selection No 201 

Arkansas 

U S Selection No. 170 

. , do 

50 

Cuban Yellow 

Florida 

Laguna 

..do 

34 ' 

Station Yellow 

Alabama 

Braxos 

do . . . 

40 ; 

Singleton .. . . 

Texas 

Arlington Prolific 

Mississippi . . 

50 1 

U. S Selection No, 330 . 

Virginia 

KedCob 

do . . 

25 ' 

Boone County (U. S 

....do 

Millpond Prolific 

Georgia 

85 ■ 

Selection No 119) 




Per- 
cent- 
age of 
mosaic 
on 

lJuly IS, 
zg2x. 


40 

so 

60 

45 

66 

60 

45 

70 


A mucli higher percentage of infection was found in these plants than 
in the same varieties planted one month earlier. All of the corn was 
heavily infested with Aphis maidis, but no other insect was noticeably 
abundant. 

In order to obtain data on the damage inflicted by this disease, 10 each 
of mosaic and apparently healthy plants in each variety were tagged for 
identification at harvest time. It is realized that many plants marked 
“healthy** on July 15 may have become infected before hai'vest, so that 
any decrease in yield indicated by this method does not represent the 
real extent of the loss sustained. The loss due to mosaic is without 
question greater than that indicated by our data. All tagged plants 
with legible inscriptions were harvested on September 22, and the ears 
were examined and weighed. The number of ears, total weight, and 
average weight of ears of healthy and mosaic plants for each variety are 
given in Table VII. 
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TabliI VII . — Weight of healthy and mosaic ears of corn varieties planted May 15 , IQ22 


Variety. 

Source of seed. 

Condition. 

Bars 
on xo 
plants. 

Weight. 

Pecreasc 
due to 
mosaic. 

Tout 

Average 




Number 

Gm. 

Gm. 

Per cent. 


Georgia 

Healthy . 

e 

S3 5 

107 


Do 

do. . 

Mosaic, 

0 

7 

470 

67. I 

37-3 


Flori da 

Healthy . 

8 

822 

102. 7 


Do 

do .... 

Mosaic 

5 

402 

80. 4 

21. 8 

U. S Selection No. t 6 < 

Texas . 

Healthy . 

4 

665 

166. 2 


Do 

. .do 

Mosaic 

9 

780 

82. 2 

50-6 

U. S. Selection No. 170.. 

do . . . 

Healthy . 

6 

995 

165.8 


Do 

do ... 

Mosiiic 

6 

830 

138. 3 

16.6 

Laguna 

. . do 

Healthy . 

5 

765 

153-0 


Do 

.do . . 

Mosaic . 

5 

735 

147- 0 

4.0 

Brazos 

.. .do 

Healthy . 

6 

I7IIS 

186. 0 


Do 

.do 

Mosaic . . 

7 


it6. 4 

37- 5 

Arlington Prolific . . 

Mississippi . 

Healthy . 

10 

1, 100 

no. 0 


Do 

. . .do 

Mosaic 

6 

470 

78.2 

29. 0 

Red Cob 

... do 

Healthy 

4 

555 

i3«-7 


Do . . ... 

. . do . . . 

Mosaic 

5 

640 

128. 0 

'7.8 

Millpond Prolific . . . 

Georgia 

Healthy , 

7 

750 

107. I 


Do . . 

do .... 

Mosaic . . 

10 

595 

59- 5 

44- 5 

Whatley l>rohfic . . . 

. do . . . . 

Healthy . 

7 

790 

112. 8 


Do 

.do 

Mosaic . 

1 1 

880 

80.0 

29 1 

Gemck 

South Carolina 

Healthy . 

7 

580 

82.9 


Do 

. do . 

Mosaic. . . 

12 

890 

74 I 

20. 7 

U. S Selection No 201 

Arkansas 

Healthy 

8 

910 

113- 5 


Do . ... 

do 

Mosaic 

6 

518 

86.3 

24. 0 

Cuban Yellow 

Florida . 

Healthy 

5 

815 

163 0 


Do 

do 

Mosaic . 

12 

1, 140 

95 0 

’41. B 

Station Yi^llow .... 

Alabama . 

Healthy 

8 

900 

112. 2 


Do 

.do. . . 

Mosaic . . 

8 

755 

94. 3 

r6 0 

Singleton 

Texas . ... 

Healthy 

7 

7B4 

112. 0 


Do 

do. . 

Mosaic 

6 

670 

III. 6 

- 4 

U- S. Selection No. 230 . 

Virginia 

Healthy 

2 

3JfB 

159.0 


Do 

. .do 

Mosaic . 

3 

317 

102. 3 

35- 7 

Boone County (U. S. 







Selection No. 119) ... 

... do . 

Healthy 

2 

205 

102. 5 


Do 

. . do 

Mosaic . 

6 

435 

72-5 

«9-3 


This data indicates that with corn, as with sugar cane, some vsusceptible 
varieties tolerate the disease without greatly injurious results, while 
other varieties are severely injured by it. Plate i , li, illustrates a variety 
not noticeably injured by mosaic. It was pointed out in a former 
publication (4) that in the case of “White Creole" corn in Louisiana the 
ears of affected plants are not only stunted but they are poorly filled, 
some being quite sterile. The rows of kernels in affected ears are likely 
to be very irregular as compared with the straight parallel rows of normal 
ears. In nearly all varieties in the present experiments the same condi- 
tion was apparent and is well illustrated in Plate i, A, and also in Plates 
2 to 4. It will be noticed that some of tlie ears marked “healthy" are 
small and some show irregularity in the rows, but by no means to the 
same degree as in the mosaic ears. This may be due partly to the fact 
previously noted that plants labeled healthy in the field may have become 
infected later. The writers believe that grass mosaic is a serious disease 
of com where conditions are favorable for infection. Since the disease is 
apparently not transmitted in the corn seed, as will oe briefly considered 
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later, the infection must come each year from some diseased perennial 
grass. In all sugar-cane plantations, corn is invariably used in the crop 
rotation, and one of the required conditions for infection of corn is present 
if the disease exists in the nearby cane. 

Com mosaic has now been reported from Porto Rico, the United States, 
Guam, the Hawaiian Islands, and Trinidad. 

In a publication by Kunkel (r^), just received from Hawaii, a very 
complete cytological investigation of corn mosaic is recorded. Certain 
large bodies found in the cells of diseased tissues are described and sug- 
gested as the possible cause of the disease. Such cell inclusions have 
been noticed and recorded by early investigators of mosaic, but this 
was not mentioned and possibly was overlooked by Kunkel. Practically 
identical bodies were carefully described and accurately illustrated by 
Iwanowski (10) in his researches on tobacco mosaic published nearly 
20 years ago. The latter, however, was cautious about ascribing to 
these bodies any etiological significance merely on the basis of their asso- 
ciation with the disease. The paper by Kunkel referred to above con- 
tains some data of value on susceptibility of corn varieties to mosaic. 
His presentation of the history of our knowledge of this disease in corn 
is very misleading. One of the i^resent writers contributed the original 
paper on corn mosaic ( 4 ), This paper, which was based on careful 
observations and experiments established the type of disease, its infec- 
tious nature, its identity with sugar-cane mosaic, and the natural agents 
of transmission. Within its pages ample credit was given to two pre- 
vious investigators for observation of a possibly similar condition in 
corn. Their observations were of a very indefinite nature and were 
summed up in the following words by the only one of the two who pub- 
lished on it (16) : 

The trouble was ascribed to various causes by different people, but it appears to 
be ike same baffling general condition observed in Hawaii rather than any specific disease,^ 

On the basis of this candid admission and other less reliable evidence 
Kunkel, perhaps unintentionally, leads the reader to believe that the 
disease was well known and well understood prior to the present writers* 
contribution. 

FIEhD OBSERVATIONS ON SORGHUM AND PEARU-MILLET MOSAIC 

Although mosaic on sorghum was early noted by one of the writers in 
experiments at Washington (2) and afterwards proved to be identical 
with sugar-cane mosiac (5), it was not observed in the field until the 
summer of 1920. At that time many fields of sweet sorghum were no- 
ticed to be naturally infected in the vicinity of Cairo, Ga. All such 
fields were within half a mile of affected sugar cane. No accurate data 
were obtained on injury to sorghum, but the leaf symptoms were strongly 
marked, the nondevelopment of chlorophyll being about the same as in 
severely injured sugar cane, and the plants were decidedly stunted. It 
was noticed that when plants were infected soon after germinating, the 
injury was far greater than in the case of late infection. A few notes 
were taken on varieties affected and on the percentage of infected plants 
in various fields. 

The variety Honey appears to be especially susceptible. Several fields 
of this variety, known locally as Sugar Drip, were observed to contain 6 

* Tilt iutiei «r« Mira. 

30617 - 23 -^ 
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to 30 per cent of diseased plants. Fields of the so-called Texas-Ribbon 
variety (probably Gooseneck) contained from 0.5 to 15 per cent of af- 
fected plants, or uniformly less than the first-named sort under the same 
conditions. No infection was observed in a field of Early Amber, but 
this variety has proved to be susceptible under greenhouse conditions at 
Washington. A number of grain-sorghum varieties recently introduced 
from Africa were planted in a greenhouse at Washington exposed to 
natural infection, but they have showed no signs of the disease. About 
50 large stools of mosaic sugar cane were present in this house, and 
Aphis maidis was abundant. 

During the summer of 1 92 1 a patch of pearl millet (Pennisetum glaucum ) , 
sold under the name Georgia cat-tail millet, was planted for soiling pur- 
poses at the Sirup Experiment Station, Cairo, Ga. On July 15 this 
planting was noticed to be severely attacked by mosaic. More than 50 
per cent of the plants were affected and were noticeably smaller than 
healthy plants. This species also had been previously proved to be sus- 
ceptible to grass mosaic under controlled conditions at Washington. 
(See Table II.) 

FIELD OBSERVATIONS ON MOSAIC OF WILD GRASSES 

Collections of wild grasses affected with mosaic have been made in 
Louisiana, Georgia, and Florida. In all cases the plants were found in 
or near affected sugar-cane fields. That the mosaic appearing naturally 
in the field in these species is identical with sugar-cane mosaic has been 
verified experimentally under controlled conditions. (See Tables I and 
II.) A list of mosaic grasses collected with dates and localities is given 
in Table VIII. 

TablR VIII. — Collections of wild grasses affected with mosaic 


Species and locality. 


Syntherisma sanguinalts: 

Cairo, Ga 

New Orleans, La 

Do 

Chattahoochee, Fla. . 
Placjnemine, La. . . . 
Mananna, Fla . ... 
Reno, Ga 


Date of collection 

Species and locality. 

Sept. II, 1919 
Oct. 15, 1919 
Sept. 6, 1920 
Sept. 1, 1920 
Aug. 21,1920 
Aug. 14, 1920 
July 31, 1920 

Paspalum boscianum: 

Cairo, Ga 

Marianna, Fla 

Cairo, Ga 

Reno, Ga 

Chaetochloa magna: 

Dade County, Fla . . . 
Brachiaria platyphylla: 

New Orleans, La. . . . 
Do 


Date of collection. 


Sept. II, 19x9 
Aug. 16, 1920 
July 27, 1920 
July 29, 1920 

Dec. XI, 1920 


Aug. 11,1920 
Sept. 6, 1920 


No complete record of individual observations on mosaic of wild 
grasses has been kept. The foregoing list is sufficient to show that mo- 
saic of these species is common near affected sugar cane under natural 
conditions. 

EXPERIMENTS ON SEED TRANSMISSION OF GRASS MOSAIC 

It seems appropriate to include in the present paper a brief account of 
experiments to determine whether the disease is transmitted by means of 
seeds, because of the relation of such transmission to the infection of one 
species with inoculum from a different species. In regions where the 
vegetative parts of annual grasses are completely killed during winter. 
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the virus would be more likely to persist in seeds, if it survives at all, 
than in any other state. The possibility of its being carried over in the 
bodies of insect vectors is rather remote, since there is no evidence that 
such insects function as intermediate hosts, but rather as mechanical 
carriers, and as such they would not furnish the special conditions neces 
sary for long-continued survival of the virus. This view is supported by 
our results with artificial inoculations, which proved that development 
of the virus within the body of an insect is not necessary. We have 
fairly conclusive proof that the virus does not survive in plant trash or 
soil, even in tropical countries. Our evidence that the virus is not car- 
ried over in seeds (2) has been strengthened by the results of subsequent 
experiments with com, sorghum, and wild-grass seeds from mosaic 
parents, all of which gave rise to healthy plants. The results are shown 
in Table IX. 


Table IX . — Experiments to determine the transmission of disease by means of seeds 
from mosaic corn, sorghum, and wild grasses 




Number 

Results. 

Species. 

Date planted 

Bermi- 

nated. 

Date examined. 

[ 

Condition of seed* 

1 Imgs. 

Zea mays var. White Creole 

Nov 30, 1020 

44 

]an. 2*;, 1021 

All healthy. 

Zea mays var. U. S. Sclec- 

... do 

81 

. do 

Do. 

tion No. 1 8a. 





Zea mays var. Wliite Creole 

Dec. 11;, 1020 

100 

Feb. IS, 1921 

Do. 

Zea mays var. U. S. Selec- 

do . 

90 

.do . 

Do. 

tion No. 182. 




Holcus sorghum var. Honey 

Sept 15, 1919 

181 

Nov. 30, 1919 

Do. 

Do 

Nov 30, 1920 

94 

Jan. 26, 1921 ! 

Do. 

Holcus sorghum var. Goose- 
neck. 

Paspalum boscianum 

.... do . 

75 

. . do . . . 

Do. 

Jan. 20, 1921 

47 

Mar 12, 1921 

Do. 

Hrachiaria plaiypkylla 

. do 

52 

do 

Do. 

Syntherisma sanguinalis . . 

do 

42 

do . 

Do. 


Observations by Vander Stok (z^), Kobus (jj), and Wilbrink and Lede- 
boer (j7) in Java indicate that sugar-cane seedlings from mosaic parents 
are healthy at the start and remain so unless infected from outside 
sources in the usual way. All available evidence, therefore, points to 
the conclusion that in this disease, as in tobacco mosaic, the virus is not 
transmitted from generation to generation by means of seeds. 

SUMMARY 

(1) Thirteen species of grasses have been proved by inoculation experi- 
ments to be susceptible to the disease known as sugar-cane mosaic or, 
more properly, grass mosaic. 

(2) Certain varieties of sugar cane belonging to the slender North India 
type, formerly regarded as immune, have proved su.sceptible to mosaic. 

(3) Data on the yield of 17 varieties of southern field corn show a de- 
crease in weight of 0.4 to 50.6 per cent, due to mosaic. 

(4) Field observations indicate that natural infection of sorghum, 
pearl millet, crab-grass, bull-grass, Chaeiochloa magna, and Brachiarta 
plaiypkylla is widespread near affected cane in the sugar-cane belt. 

(5) All species tested for seed transmission of mosaic gave negative 
results. 
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PLATE I 

A. — Ears of healthy (upper row) and mosaic (lower row) com of Arlington Prolific 
variety. 

B. — Ears of healthy (upper row) and mosaic (lower row) Laguna com, a resistant 
variety. 
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Plate I 
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PLATE a 

A. — Bars of healthy (upper row) and mosaic (lower row) com of U. S. Selection 
No. 1x9. 

B. — Ears of healthy (upper row) and mosaic (lower row) com of U. S. Selection 
No, 170. 



PLATE 3 

A. — Ears of healthy (upper row) and mosaic (lower row) com of Millpond Prolific 
variety. 

B. — Ears of healthy (upper row) and mosaic (lower row) com of U. S. Selection 
No. 165. 
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Plate 4 
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PLATE 4 


A. — Ears of healthy (upper row) and mosaic (lower row) com of Brazos variety, 

B. — Ears of healthy (upper row) and mosaic (lower row) corn of Cuban Yellow 
variety. 




PROTEIN SYNTHESIS BY AZOTOBACTER ‘ 

By O. W. Hunter 

Associate Bacteriologist ^ Kansas Agricultural Experiment Station 

The metabolic process of protein synthesis is common to all micro- 
organisms. The rate, form, and total quantity of protein synthesized, 
however, as well as the type of food substances available for synthesis, 
varies widely. 

An idea of the relative protein content of microorganisms can be 
obtained from the results recorded by various investigators; but the 
multiplicity of the methods employed in the cultivation, collection, and 
analysis of microbial cells makes a comparative study difficult. A high 
nitrogen content for most bacteria is reported. If all of this nitrogen be 
considered as protein nitrogen, the protein content of such cells is large. 
Wheeler (<?, p. 65) whose results seem to be comparative for such 
analyses, reports a nitrogen content varying from 5.964 per cent to 
H.765 per cent for 12 bacteria examined. The nitrogen content of 
yeasts is probably similar to that of bacteria. Nicolle and Alilaire (5) 
report a nitrogen content of lo.o per cent for a Froberg yeast. 

The high protein content of yeasts, their rapidity of growth, and their 
practical method of cultivation justify their wade exploitation as a food 
product within recent years. The value of such yeast food as a 
protein concentrate appears to be firmly established. During the recent 
war the demand for this yeast concentrate in Germany far exceeded the 
supply. 

Interest in the yeast industry has been accentuated with the develop- 
ment of the present vitamine theory. The high content of water-soluble 
B vitamine in yeast cells has apparently opened a new field for its use. 

Several factors tend to influence the practicability of utilizing micro- 
organisms as a source of protein. Mechanically, the problem is dependent 
upon the development of practical methods ifor securing a maximum 
degree of growth, as well as means for the collection and care of the 
product. Economically, the yield, rate of growth, and the food require- 
ments of the organism are important considerations. The substances 
used as food for the organism should be in the nature of waste products, 
and to justify the process the synthesized product must have a greater 
value than the substances used in its production. Finally, if the industry 
is to be of value, tlie product must have a nutritional value. 

^ The high protein content of the Azotobacter cell and its relatively 
simple food requirements suggested the possibility of utilizing it as a 
means for synthesizing a protein which could be used either as a stock 
food or as a fertilizer. The employment of this organism for such a 
purpose appeared to offer some important advantages on account of its 
nitrogen-assimilating ability. This would necessitate the use of a solu- 
tion having a carbohydrate only as the important constituent. 

On the other hand, the apparent slow development of Azotobacter 
seemed to present a serious difficulty. However, it has been demonstrated 
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that a prompt and heavy growth of Azotobacter can be secured by a 
vigorous aeration of a liquid culture in a manner similar to that used 
in stimulating yeast growth. 

The experimental data which follow are merely a report of progress 
in an investigation having for its object the utilization of waste prod- 
ucts by Azotobacter for protein synthesis. 

METHOD OF CULTIVATION 

A rapid and vigorous growth of Azotobacter was produced by passing 
a current of air continually through a culture solution. The method used 
was identical with that described in a previous publication (14). 

Aeration was accomplished by attaching the culture flask equipped 
with Folin’s aerating tubes to a vacuum system. Contamination and 
evaporation of the culture were reduced to a minimum by filtering the 
air through a sterile cotton filter and two or tliree flasks of sterile water, 
llie air was thus filtered through cotton and rinsed in water before 
entering the culture flasks. 

Several flasks of culture media could be easily aerated at the same 
time. Usually a cotton filter and a wash bottle were placed between 
the culture flasks. Little trouble occurred from contamination. A 
good grade of rubber tubing and tight fitting connections are a necessity, 
however. Flasks containing from 200 cc. to 2,500 cc. of medium were 
used. The quantity of air passed through the cultures was not meas- 
ured, but a vigorous bubbling of the liquid was maintained continuously. 


AZOTOBACTER CULTURES 


Cultures of Azotobacter were isolated from samples of soil received 
from various parts of Kansas, Colorado, California, Iowa, and Mississippi. 
Flasks containing dextrose-Ashby or mannite-Ashby medium were 
inoculated with the soil samples. Upon tlie formation of the charac- 
teristic surface growth, Ashby agar plates were streaked. Dextrose- 
Ashby agar slants were inoculated from well-isolated colonies and re- 
peated streakings of the cultures upon Ashby agar plates were made. 
A large number of the cultures were streaked consecutively from i to 
12 generations. The utmost care was exercised in attempting to obtain 
and maintain pure cultures. 

The inoculum used for seeding the medium was prepared by adding 
a portion of the emulsion from a young dextrose-Ashby culture to a 
flask containing dextrose-Ashby broth. This was aerated for two to 
four days. The quantity of this starter usually used for inoculating 
the experimental medium was 0.5 per cent to i.o per cent of the medium 
seeded. In all cases a morphological examination of the starter was 
made as a test for purity before use. The temperature for incubation 
was 30° C. 

MEDIUM 


The medium used in the following experiments, unless otherwise 
noted, was made from the following formula ; 

Om. 

Tap water 1,000.0 

K^HP O4 .5 

NaCl 

Dextrose 10. o 
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The reaction of this solution was readjusted to a Ph of 7.0 to 7.4, 
filtered if necessary. The required quantities were placed in flasks and 
sterilized in the autoclav at 20 pounds pressure for 30 minutes. 

METHODS OF ANALYSIS 

Total nitrogen determinations and sugar analysis of the Azotobacter 
cultures were made at frequent intervals. 

In all cases the total nitrogen was determined by the usual standard 
methods. Unless otherwise noted, 50 cc. portions of the medium in dupli- 
cate were used. The figures referred to in the tables denote the average 
of the duplicate analyses. The net gain in nitrogen is recorded in all 
cases, unless otherwise stated, as milligrams of nitrogen in each 100 cc. 
of medium. In other words, the figures refer to the quantity of nitrogen 
fixed per gram of dextrose, since each 100 cc. of medium contains this 
quantity of sugar. 

Sugar determinations were made according to the method proposed 
by ShafTer {g). The copper resulting from the reduced Fehlings was 
determined by colorimeter readings. Duplicate readings were made 
each time, and the average of tliese was recorded. As a general rule, 
50 cc. of the medium were used. This was diluted to 100 cc., and 20 cc. 
of this filtrate were used for reduction. The figures given, unless 
otherwise stated, refer to grains of dextrose per 100 cc. of medium. 

COMPOSITION OF THE AZOTOBACTER CELL 

The composition of the Azotobacter cell has been determined by 
several investigators. Gerlach and Vogel (i) report a protein content of 
80 i^er cent. 

Lipman {2) reports the nitrogenous composition of the Azotobacter 
membrane as 10.45 per cent total nitrogen, 6.39 per cent nonbasic 
nitrogen, 2.76 per cent basic nitrogen, and 0.98 per cent ammonia nitro- 
gen. He observed that lead acetate precipitated practically all of this 
nitrogen in young or old cultures, while phototungstic or tannic acid 
would not precipitate nearly as much. He believed tliat in young cul- 
tures this nitrogen substance is in a soluble form and not precipitated by 
phosphotungistic acid, but as the culture grows older this soluble nitro- 
genous material is converted into an insoluble and more complex protein. 

Stoklasa (4) cultivated Azotobacter in liquid cultures. The growth 
was collected on a filter and washed. The nitrogen content of the washed 
cells was 11.3 per cent, 

Hoffmann and Hammer (6) studied the composition of AzotoWi^ter 
and report analyses much lower in protein. The organism was grown 
on Ashby agar plates. The growth was scraped off, washed, and dried. 
The maximum protein content recorded was 17.75 per cent. They 
suggest that the wide difference in their results, as compared with those 
of other investigators, was due to the jellylike material which in 
liquid cultures is filtered out of solution. In their method this material 
is included in the analysis. This increases the total residue, and since 
this substance is thought to be carbohydrate, the total percentage of 
nitrogen is decreased. The phosphorus content (PjO^) varied from 2.51 
per cent to 2.97 per cent. Increasing with the age of the culture. Stok- 
lasa (4) reports the PjOj content to be 4.93 per cent. 

Omeliansky (7) grew Azotobacter on dextrose mineral salt agar for 
six days at a temperature of 30° C. An analysis of this growth is 
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reported as 6.63 per cent moisture, 4.16 per cent ash, and 12.92 per cent 
protein. This protein he considers similar to other plant proteins. 

Wiile the exact method of cultivation is not reported by all investi- 
gators, it appears in general that the nitrogen content of Azotobacter will 
vary according to the method of cultivation. The nitrogen of the growth 
scraped off Ashby agar media is reported much lower than in the residue 
filtered from the liquid cultures. 

The composition of seven cultures of Azotobacter cultivated on 
dextrose-Ashby agar was determined in this laboratory. The growth 
at the end of two to four days incubation at 30® C. was scraped off the 
surface of the agar, air dried, and analyzed for the total nitrogen and 
moisture content. The results are given in Table I. 

Tabi,E I . — Nitrogen content of Azotobacter cells grown on Ashby agar 


Culture No. 


12 B. 
232... 
6 A.. 
SB... 
I B... 
216 .. 
10 B. 


Average 


Total 

nitroKCU. 


Per cent. 


Moisture. 


Per cent. 


3-48 

9. 12 

3- 78 

8.SS 

3. 78 

xo. 00 

3* 09 

6. 89 

3* 74 

8. xo 

4- 55 

4. 69 

3- 74 

9.48 

3- 73 

8. 12 


The percentage of total nitrogen noted in the seven cultures was 
uniform, averaging 3.73 per cent for all cultures and ranging from 3.48 
per cent to 4.55 per-cent. If this nitrogen were calculated as protein, 
the average protein content of the cultures would be 23.31 per cent. 

An analysis of a composite sample of these cultures gave tlie following 
results: Moisture 8.58 per cent; total nitrogen 3.55 per cent; albuminoid 
nitrogen 1.89 per cent; ash 12.99 per cent; phosphorus 0.57 per cent; and 
potassium 1.43 per cent. These figures indicate that only 53.1 per cent 
of the total nitrogen is protein. This gives a protein content of 11.81 
per cent instead of 23.31 per cent, as calculated from the total nitrogen. 

The chemical composition of the growth obtained from liquid cultures 
was determined for comparison. Culture No. 232 was aerated from two 
to four days at 30° C. in the dextrose-Ashby medium. The growth of 
cells was obtained by centrifuging in a Sharpies laboratory supercentri- 
fuge. A composite sample taken from the growth of several culture 
flasks was used for analysis. The composition w^as: Moisture 2.67 per 
cent; total nitrogen 5.15 per cent; albuminoid nitrogen 4,89 per cent; 
ash 4.62 per cent; phosphorus 0.24 per cent; and potassium 1.2 per cent. 

A comparison of this analysis with that obtained from the growth on 
Ashby agar reveals considerable diflPerence. In the first place, a higher 
total nitrogen content is observed in the growth from the liquid culture. 
The most marked effect, however, is the high albuminoid content of the 
liquid culture, it being 94.9 per cent of the total nitrogen. This gives a 
protein content of 30.56 per cent, as compared with n.8i per cent for 
the growth obtained from Ashby agar. The liquid culture produced a 
growth with a lower ash content than did the culture on agar. 
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SOURCES OF ENERGY 

There is a wide variety of substances available as energy for Azoto- 
bacter which differ greatly in their value as sources of energy. Not only 
is there a difference in the value of the»sources of energy for nitrogen 
fixation, but the efficiency of the same material for azofication varies, 
according to different investigators. This is illustrated in the work of 
Lohnis and Pillai (5) , Hoffmann and Hammer ( 6 ) , and Mockenridge ( 10 ) . 
There appears to be, however, a rather uniform opinion that a mannite 
solution will furnish energy for the fixation of the largest quantity of 
nitrogen. As a result, mannite is the carbohydrate employed almost 
universally in azofication experiments. 

As a preliminary study, the comparative value of various substances 
as sources of energy for Azotobacter was determined. One per cent of 
the test material was substituted for mannite in Ashby's medium con- 
taining calcium carbonate. Flasks of each medium were inoculated with 
a pure culture of Azotobacter and aerated at 30° C. for six days. The 
average quantity of nitrogen fixed per gram of test substance for the two 
cultures studied were as follows: 

Hsm. 

Potassium acetate 8. o 

Dextrose 7. 8 

Saccharose 7. 7 

Mannite 7. 2 

Molasses 3. o 

Lactose 2. 4 

Dextrose has been preferred in this laboratory as a source of energy for 
studying the nitrogen-fixing ability of different cultures and their rate 
of fermentation. Quantitative determination can be easily made and, 
as shown by these experiments with aerated cultures, it is an efficient 
source of energy for azofication. 

While no special endeavor has been made to study the nitrogen-fixing 
ability of different Azotobacter cultures with the object of classifying 
them on such a basis, over 20 strains have been studied. The nitrogen 
fixation for these cultures grown in dextrose medium has varied from 
7.20 mgm. to 18.72 mgm. per gram of dextrose. Many of the same 
cultures have been repeatedly used for the past two years, and the varia- 
tions in the quantity of nitrogen fixed at different times by the same 
cultures is as much as the difference between various cultures. This 
variation, or at least a large portion, may be attributed to the different 
intensities of aeration to which the cultures were submitted. The aim 
was to aerate all cultures alike, but such is impossible unless the aeration 
is mechanically controlled. This suggests that tlie optimum quantity of 
air necessary for the maximum growth of Azotobacter should be deter- 
mined. 

YIELD OF AZOTOBACTER GROWTH 

Cultures of Azotobacter cultivated by vigorous aeration in a liquid 
medium will exhibit a vigorous growth within two to four days. The sugar 
is rapidly consumed, and a corresponding increase in the nitrogen con- 
tent of the liquid is noted. If the culture produces pigment, coloration 
of the medium is observed. In some cultures this coloration is black; in 
others brown. In those cultures which fail to produce pigment the solu- 
tion becomes thick and milky in appearance. Pure cultures maintain 
an alkaline reaction in the absence of calcium carbonate in the medium 
throughout growth and emit a rather pleasant odor. 
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A rather interesting phenomenon was often noted in these liquid 
cultures when treated with a lead-acetate solution. If the heavy white 
membraneous precipitate which forms is collected on a filter, it gradually 
darkens and within several myiutes is black. The reaction resembles 
an enzymatic process. No attempt was made to ascertain whether or 
not tliis process is connected with the characteristic pigment production 
in the living cells. 

The yield, or amount of growth, was determined by centrifuging 50 cc. 
of the culture until the supernatant fluid was clear. This was decanted 
off, care being taken not to disturb the precipitate cells. The centrifuge 
tube containing this precipitated growth was placed in a drying oven and 
desiccated for eight hours at 75° to 80® C. to a constant weight. Dupli- 
cate determinations of each culture were made. The yield is recorded 
as a percentage of sugar originally present in the medium. 

A daily comparison of the nitrogen assimilation, dextrose fermentation, 
and the yield of three cultures of Azotobacter is summarized in Table II. 
Four flasks containing 250 cc. of dextrose medium were used for each 
culture. All were aerated vigorously at a temperature of 30° C. One 
flask of each culture was removed daily for analysis. The medium con- 
tained 1 gm. of dextrose per 100 cc. 


Tabi.® II . — Yield rate of dextrose fermentation and nitrogen fixation by Azotobacter 




I day. 

1 


2 days. 



Culture No. 

1 

Aver- 

Culture No. 

Aver- 


10 B 

19 

X <»“399 

age. 

zo B 

19 

19-399 

aee. 

Nitrogen per 100 cc. 

(xngm.) 

Dextrose per 100 cc. 
(gm) 

I. 83 

4.31 

.49 
• 074.? 

.0717 
14. 50 

5- 60 

.67 
.0319 
.0154 
5- 73 

3* 91 

8.77 

.478 
. 0901 
.0784 
16.85 

8.21 

0 

10. 20 

. 06 

9. 06 

Yield per 50 cc. (gm.). 

r . 0920 

\ • 0750 

16. 70 


• 1939 

. 1741 
34. 80 

. 1281 



. 1198 


Yield (per cent) 

12. 31 

28. 81 




3 days. 

4 days. 


Culture No. 

Aver- 

Culture No. 

i 

Aver- 


zo B 

1 

1 

! 19-399 

age. 

j zo B 

19 

X 9~399 

aue. 

Nitrogen per 100 cc. 
(mgm.) 

9- 36 

1 .0841 

13. 72 

0 

12. 50 

! 0 

XI. 86 

12. 0 

14.43 

0 

12. 90 

0 

13. 

Dextrose per loo cc, 



0 

Yield per 50 cc. (gm.). 

.1487 
•1595 
30. 82 

.1*34 


. 1043 

.0889 

• 1317 

• 15281 

28. 45 1 

. 1017 
.1149 
21. 66 




Yield (per cent) 

16.82 

24. 68 

24. 10 






There occurs a gradual increase in the quantity of nitrogen flxed. 
The average quantity fixed for the three cultures was for the first day 
3.91 mgm., for the second day 9.06 mgm., for the third day n.86 m™., 
and for the fourth day 13.1 1 mgm., per 100 cc. of medium. The 
characteristic rapid disappearance of dextrose occurred. It was practi- 
cally all consumed by the three cultures within two days. 
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The average )deld of the three cultures for four consecutive days 
was as follows: 12.31 per cent, 28,81 per cent, 24.10 per cent, and 23.14 
per cent of the dextrose originally present in the medium. 

The effect of different quantities of dextrose upon nitrogen fixation 
and the yield was determined for media containing 0.5 per cent and 
i.o per cent dextrose. Flasks containing 250 cc. of medium were seeded 
with Azotobacter and aerated for four days at 30® C. Total nitrogen 
and 3deld determinations were made at the end of the incubation period. 
The results for the two cultures studied are recorded in Table III. 


Tablb III . — Effect of varying quantities of dextrose upon yield and nitrogen fixation 

by Azotobacter 


Culture No. 

0.5 per cent dextrose. 

I per cent dextrose. 

Weight. 

Yield. 

Nitrogen 
per 100 cc. 

1 

Weight. 

Yield. 

Nitrogen 
per xoo cc. 

19 

232 

Average 

Gm. 

/ 0.0413 

1 • 0437 

/ . 0322 

1 •OS.S? 

Per cent 

} 17-0 

} '3-58 

Mgm. 

9. 88 

7-57 

1 Gm, 

j 0. 1014 

1 -1153 
/ *1143 
\ . 1282 

Per cent 

V 21.66 

1 24 - 24 

Mgm. 

16. 38 

16. 65 


15. 29 

8. 72 


22.9s 

16. 57 


The largest yield for the quantity of dextrose used was obtained from 
the medium containing i per cent dextrose. The average yield for the 
two cultures was 22.95 cent for this medium as compared with 
15.29 per cent for the cultures cultivated in the 0.5 per cent dextrose 
medium. In the i.o per cent solution the cultures fixed on an average 
16.57 nigm. of nitrogen per gram of sugar; and in the media containing 
0.5 per cent dextrose, an average of 8.72 mgm. of nitrogen per half 
gram of dextrose. In other words, the rate of fixation was practically 
^e same in both solutions. 

A similar experiment was made with media containing approximately 
0.5 per cent, i.o per cent, and 1.5 per cent of dextrose, respectively. 
The yield with each percentage of dextrose used, the quantity of nitro- 
gen fixed, and the rate of dextrose fermentation were determined every 
two days for a period of six days. The cultures were vigorously aerated 
at 30° C. The dextrose content of the control media by analysis was 
0.60 per cent, i.i per cent, and 1.5 per cent, respectively. The results 
are summarized in Table IV. The percentage of yield is based upon 
the quantity of dextrose originally present in the media. 


Table IV. — Comparison of various quantities of dextrose in culture No. jg upon yields 
nitrogen fixation, and dextrose fermentation. 



0.6 per cent dextrose. 

x.i per cent dextrose. 

1.5 per cent dextrose. 

a days. 

4 days. 

6 days. 

a days. 

4 days. 

6 days. 

a days. 

4 dajrs. 

6 days. 

Weight (gm.) 

/o. 0354 
1 .0328 
II - 3 
. to 
6 - 37 j 

0,0399 

0. 0692 
. 0669 
32 . 6 
0 

9. 70 | 

0. 0766 
•0574 

X 3 . X 
.68 
7 . 4 i| 

0. 1506 
. 1280 

Trace 
17. a9j 

0. 1245 
•1317 

23-3 

0 

x8. 72 

0. 1190 

•1354 

x6. 9 

.98, 

9. I 

0. 2383 

•2713 

^ 83-9 

Trace : 
17. 68 

0. 2036 
. 1928 
27. 0 
0 

26. 0 

Yield (per cent) . . . 
dextrose (gm.) .... 
Nitrogen (mgm.) . . 

13*3 
Trace 
9 - 75 
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The results show that the yield increases with an increase in the 
concentration of dextrose in the media. An average of the three peri- 
odical analyses for each medium gives a yield of 15.7 per cent for the 
0.6 per cent dextrose solution, 20.2 per cent for the i.i p^ cent solution, 
and 25.9 per cent for the 1.5 per cent solution. 

The total nitrogen content of each medium at the completion of the 
experiment reveals the fact that nitrogen fixation occurred at the rate 
of 16. 1 ragm. of nitrogen per gram of dextrose in the 0.6 per cent dex- 
trose solution, 17.0 mgra. of nitrogen per gram of dextrose in the i.i per 
cent dextrose solution and 17.3 mgm. of nitrogen per gram of dextrose 
in the 1.5 per cent dextrose medium. 

The dextrose disappeared rapidly from all solutions, being entirely 
consumed by the sixth day. 


UTILIZATION OF MOLASSES 


The waste molasses from a sugar factory should offer an available 
source of energy for Azotobacter. Hence an experiment was con- 
ducted in which molasses was substituted for dextrose in the medium, 
and the azofication ability of cultures was determined in this medium. 
The medium contained i per cent molasses, or by analysis 0.51 per cent 
of invert sugar. The quantity of nitrogen fixed per 100 cc. of medium 
for five cultures aerated for six days was as follows : 

Mgm. 


1 B. . 

2 B.. 
SB 
12 B. 
2^2. . 


1-5 

3-3 

3-3 

3-4 

6 


The results show an average net gain of 3.03 mgm. of nitrogen per 
gram of molasses. A gram of molasses represents only 0.51 per cent of 
invert sugar, givings therefore, a rate of fixation of 6.06 mgm. of nitrogen 
per gram of invert sugar. 

To determine the yield from molasses, 250 cc. of the i per cent molasses 
medium was inoculated with culture No. 19 and aerated for four days 
at 30® C. The medium was analyzed for sugar, total nitrogen, and 
yield. The results are given in Table V. 


Tabl® V. — Yield, nitrogen fixed, and sugar fermented from molasses 


SuRar per loo cc. 

Nitrogen per zoo cc. 

Weight per 50 cc. 

Yield. 

1 

Control, 

Culture. 

Gross. 

Control. 

Net. 

Gross. 

Control. 

Net. 

Gm. 
0.50 j 

Trace. 

1 

Mgm. 

10-53 

Mgm. 

8.1S 

Mgm 

2.38 

Gm. 

if 0.0799 
j\ 0 - 093 S 

Gm. 1 
0.0063 
0.0149 

Gm. 

I 0.0761 

Per cefit. 

30.44 


The total nitrogen content of different samples of molasses has varied 
from about 6 to 12 mgm. per gram of molasses. This nitrogen appears 
to be in a soluble form, since lead acetate fails to precipitate it. On the 
other hand, if a lead acetate solution is added to an Azotobacter culture 
cultivated in this molasses medium, a heavy membraneous precipitate 
forms. An experiment, therefore, was arranged to ascertain whether 
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this nitrogen had been s)mthesized into a more complex nitrogenous 
substance by the growth of Azotobacter. 

Eight flasks containing 250 cc. of molasses medium were inoculated, 
four with culture No. 19 and four with culture No. 232, and aerated 
thoroughly for eight days. 

The contents of the four flasks of each culture were mixed, and total 
nitrogen determinations were made. The remaining portion was pre- 
cipitated with a lead-acetate solution and filtered. This filtrate was 
perfectly clear. Total nitrogen determinations were likewise made on 
this filtrate. The control medium was treated in a similar manner. 

The average results for all duplicate determinations are as follows: 


Gjntrol 

Azotobacter No. 19 . 
Azotobacter No. 232 


fMedium 6.71 mgm. nitrogen per 100 cc. 
\Filtrate, 6 40 mgm. nitrogen per 100 cc. 
iCulture 9.52 mgm. nitrogen per 100 cc. 
\Filtrate 0.8 mgm. nitrogen per 100 cc. 
(Culture 10.30 mgm. nitrogen per 100 cc. 
iFiltrate o mgm. nitrogen per 100 cc. 


From these results it is evident that Azotobacter is capable of synthe 
sizing the nitrogen present in the molasses into more complex substances 
as well as assimilating nitrogen from the air. 


UTILIZATION OF STRAW 

Pringsheim and Lichtenstein (rj) report an investigation the purpose 
of which was to enrich straw concentrate with protein by means of fungi. 
Hydrolyzed straw was spread out in thin layers and inoculated with an 
Aspergillus, The protein content of the straw increased from 0.9 per 
cent to 8.0 per cent within a week Digestion experiments with the food 
proved satisfactory. 

The utilization of vegetable tissues as available sources of energy for 
Azotobacter has been reported by Murray (ir) and Hutchinson (12). 

Experiments were undertaken in the present case with a view to 
increasing the protein content of wheat straw by Azotobacter. To each 
200 cc. of a dextrose, and also a molasses medium, there was added i 
per cent of a good grade of wheat straw which had been finely ground 
in a mill. This w^as seeded with Azotobacter cultures and aerated for 
varying lengths of time. Total nitrogen determinations were made in 
duplicate on the entire contents of the culture flasks. To note the effect 
of straw in the medium, similar determinations were made on cultures 
containing no straw. 

The results are recorded in Table VI for three cultures aerated in the 
dextrose solution and in the straw dextrose medium for four days. 


Table VI . — E ffect of straw on azofication 


Dextrosc-Ashby medium | Dextrose-Asliby and straw 
(aoo cc ) I medium (200 cc ). 


Culture No. 


z B., 
zo B, 

» 33 . . 


Nitrogen 

m 

control. 

Total 

gross 

nitrogen. 

Net 

nitrogen. 

Nitrogeti 

in 

control. 

Total 

gross 

nitrogen. 

Net 

nitrogen. 

Mgm. 

Mgm. 

Mgm. 

Mgm. 

Mgm. 

Mgm. 

I. 4 

7. 80 

6.4 

9.4 

20. 01 

106. I 

1.4 

8.08 ! 

6.68 i 

9.4 

19. 86 

10. 46 

1*4 

9-97 i 

8.57 

9-4 

22. 36 

12. ^ 
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The net gain of nitrogen fixed by all the cultures in the straw solution 
exceeded tlie net gain in the dextrose by an average of 4.13 mgm. 

The experiment was repeated, and a daily analysis of the cultures was 
made. The cultures in this case were aerated for four days. The data 
are tabulated in Table VII. 

Tabli} VII, — E^ct of straw on azofication 





I I day. 

1 a days. 

3 days. 

4 days. 

Cul- 


Nitro- 

- 

— 

' 



1 

■ - - 

— 

turc 

No 

Medium 

gen in 
control. 

Gross 

nitro- 

ftcn 

1 Net 

1 nitro- 
j Ken 

Gross 

nitro- 

gen. 

Net 

nitro- 

gen. 

1 Gross 

1 nitro- 
1 Ken. 

Net 

nitro- 

gen. 

Gross 

nitro- 

gen. 

N«t 

nitro- 

gen. 

10 B . 

D. A. 200 cc. ‘ . 

Mgm. 

Mgm. j 

j Mgm 

Mgm. 

Mgm 

' Mgm. 

Mgm 

Mgnt 

Mgm. 

I. 0 

4. 55 1 

i 3-55 

18. 46 

17.46 

19. 20 

18. 20 

24. 96 

23. 96 

10 B . 

D. A. S. 200 cc.^ 

10. 07 

10. 40 

I • 33 

20. 93 

9. 87 

30. 29 

20. 22 

29. 44 

19 - 37 

19. . 

D. A. 200 cc. ^ . 

I. 0 

8. 38 

i 7-38 . 

15* 14 

14 - 14 

24. 70 

23- 70 

25. 02 

24. 02 

19. . . 

D. A. S. 2 ooec. 2 . 

10. 07 

13 - 7 » 


25. 02 

14 - 95 

39 - 32 

29.25 

42.83 

32. 76 


1 Dextrose-Ashby aoo cc. 


* Dextrose-Ashby and straw aoo cc. 


In general, the results are similar to those reported in the previous 
experiment. However, culture 10 B showed an approximate net gain of 
2.0 mgm. at the end of the third day in the straw culture and a loss of 
over 4.0 mgm. of nitrogen on tlie fourth day. An average of the two 
cultures indicates a net gain of 4,15 mgm. for the straw medium for the 
entire period of the test. 

As expected, a greater net gain of nitrogen was recorded for the dextrose 
solution than for the straw medium for the first two days. This indicates 
that the straw is not utilized until all of the greater part of the dextrose 
is consumed. 

Calculating all the nitrogen in the wheat straw as protein nitrogen 
indicates a protein content of 3.14 per cent. In a similar manner, calcu- 
lating tlie nitrogen in the straw solution as protein nitrogen indicates an 
average protein content of the straw from the two cultures of 11.29 per 
cent, tiius giving a net gain of 8.15 per cent protein. 

However, but little of this net gain of protein can be attributed to the 
influence of the straw, for an average net gain of only 2.07 mgm. of 
nitrogen per gram of straw was noted in the straw dextrose media. 

A summary of both experiments indicates an average net gain of only 
1.54 mgm. of nitrogen per gram of straw when added to dextrose medium. 

In another experiment three cultures were aerated for four days in a 
molasses solution and three other cultures in a straw-molasses solution. 
The results are recorded in Table VIII. 


TABiyE VIII . — Effect of straw and molasses on azofication 


j 

Molasses medium (aoo cc ). 

Molasses and straw medium (300 cc.). 

Culture No. 

Nitrogen in 

Total gross 

Net nitro- 

Nitrogen in 

Total gross 

Net nitro- 


control. 

nitrogen. 

gen. 

control. 

nitrogen. 

gen. 

I B 

Mgm 

Mgm. 

Mgm. 

Mgm 

Mgm. 

Mgm. 

*7- 54 

19.69 

2. 15 

25-37 

28. 98 

3.61 

10 B 

17- 54 

a I. so 

3 - 96 

25-37 

33-88 

8.51 

232 

17- 54 

»8. 57 

1.03 

25- 37 

i 

38. SS 

3 - *8 
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The data show a net gain of nitrogen in favor of the straw medium 
for all cultures. The average net gain of nitrogen for all cultures grown 
in the molasses solution was 2.38 mgm. and for those grown in the straw 
solution 5.10 mgm. This gives an average of net balance in favor of 
the straw media of 2.72 mgm. 

Another experiment was conducted in which two flasks containing 
200 cc. of straw-molasses solution w^ere seeded with two Azotobacter 
cultures and aerated for three days. Ferric-sulphate solution was added 
to precipitate the protein in each culture flask. The entire contents of 
each flask were then placed upon a filter, and the residue was collected. 
This precipitate was desiccated and total nitrogen determinations were 
made. A control medium was treated in a similar manner. The results 
are presented in Table IX. 

Tabi^E IX . — Effect of straw and molasses on azofication 


Culture No. 


Control 


232. 
I B. 



Total nitroRen 
per Rram of 
straw. 

Net nitrogen 
per gram of 
straw. 


Mgm. 

II. 18 

Mgm.^ 


IS- 41 

4 - 23 


15.84 

4-66 


The experiment show’s an average net gain of 4 44 mgm. of nitrogen 
per gram of straw, or 2.77 per cent proteiti. 

vSiJMMARY 

(1) The protein content of Azotobacter growlh obtained from a solid 
medium was found to be ii,8i per cent, while that collected from a 
liquid culture was 30.56 per cent. 

(2) The yield of cells increased with the quantity of dextrose in the 
medium. An average yield of 15 7 per cent, 20.2 per cent, and 25.9 
per cent of the sugar was obtained from medium containing 0.6 per cent, 
1. 1 per cent, and 1.5 per cent dextrose, respectively. 

(3) The relative quantities of nitrogen fixed per gram of dextrose for 
the three different percentages of sugar were similar — ^namely, 16,1 
mgm., 17.0 mgm., and 17.3 mgm., respectively. 

(4) When molasses was used as a source of energy for Azotobacter 
development there was obtained a yield of cells equal to 30.44 per cent 
of the sugar in the molasses. This gives a higher percentage yield for 
the molasses sugar than for dextrose. If the moisture content of the 
molasses is considered, the percentage yield from the actual molasses 
•exceeds the yield from dextrose. 

(5) Azotobacter is able to convert the soluble nitrogenous substances 
present in molasses into more complex protein, as well as to utilize the 
molasses as a source of energy for the fixation of atmospheric nitrogen. 

(6) The addition of straw to the dextrose or molasses medium did 
not cause any appreciable increase in the quantity of nitrogen fixed. 
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STUDIES ON THE TEMPERATURE OF INDIVIDUAL 
INSECTS, WITH SPECIAL REFERENCE TO THE 
HONEY bee* 

By Gregor B. Pirsch * 

Minnesota Agricultural Experiment Station 

INTRODUCTION 

More observations have been made on the temperature of the bee 
colony than on the individual bee. Phillips and Demuth(j6)® concluded 
that bees, essentially cold-blooded animals, were capable of regulating 
their temperature when in a colony by increasing the temperature of the 
colony when the air temperature went down and lowering the tempera- 
ture of the colony when the air temperature went up. Since Phillips and 
Demuth have shown that the colony, which is composed of a large num- 
ber of individuals, acts very, much as a warm-blooded animal does, the 
temperature of the individual must be of great importance. If this were 
not true, it would be difficult to understand how the colony of individuals 
could control its temperatures. For this reason and because of the wide 
variation in the rCvSiilts obtained by previous workers this problem was 
chosen for study. 

In a review of the literature on this subject it was found that previous 
workers had based the results of their observations on a few individuals. 
The results included in this paper are based on the readings of over i,ooo 
bees. The methods and results of the previous workers are given in the 
following review of the literature. 

REVIKW OF LITER.\TURE 

Hausmann (/o) was the first to establish the temperature of an indi- 
vidual insect. He placed a Sphinx convolvuli together with a small 
thermometer in a glass receptacle, the air temperature of which was 17® 
R. (21.25® C.). After half an hour the temperature had risen to 19® R. 
(23.75® C.) and soon after fell to 17® R. Experiments with Carabus 
horiemts gave the same results. 


‘ Accepted for publication June 39, 1933 Publisbctl with the approval of the Director a.s paper No. 383 
of the Journal Series of the Minnesota Agricultural Experiment St.ition , 

^ The work on winch this paper is based was done m the laboratories of the Division of Entomology of 
the University of Minnesota. To the members of the staff, and especially to Dr. R. N. Chapman, under 
whose immediate direction the study was conducted, acknowledgments arc due for apparatus furnished 
and for constant helpful suggestions. 
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Davy (4) was the first to give the internal temperature of an insect. 
An incision was made in the body and the bulb of a very small mercurial 
thermometer was inserted. He obtained the following results: 


Blatta orientalis . 

IX) . 

Gryllidae . 
Vespidae ... 

Do 

Lainj)yridae 

Do ... 


Air tem- 
perature. 

Insect tem- 
perature. 

°C. 

°C. 

28.3 

23-9 

23-3 

23-9 

16. 7 

22. 5 

23-9 

24.4 

24-3 

25.0 

22 8 

23. 0 

26.6 

25.8 


Nobili and Melloni (/ 5) were the first to use electric methods in deter- 
mining the temperature of insects. They used tlie electromotive force 
developed when the junction of wires of different metals of a common 
circuit are at different temperatures. They used bismuth and antimony 
wires. One of the thermocouples was in contact with the insect body; 
the other couple was free. They made a series of experiments on the 
temperature of larvae, pupae, and adult butterflies. Their conclusion 
was that the temperature of the insect was higher than that of the sur- 
rounding air. 

Mussehl (ij?) ascertained that single bees became motionless at 5° R 
(6.25° C.) while they did not suffer from cold in the colony with the 
temperature of the hive at (—1 25° C.). 

Newport {14) used a thermometer of small caliber with a cylindrical 
bulb about one-half inch in length. The thermometer was placed be- 
neath the insect and was as completely covered by the abdomen of the in- 
sect as possible. A second thermometer which had been carefully com- 
pared with the first was placed at the same level with and a short distance 
from the first one. The temperature of the insect was taken on the exte- 
rior and was always lower than that of the interior. He stated that the 
internal temperature was seldom if ever more than a degree and a half or 
at the most two degrees above the external temperature. The following 
are some of his results showing the difference between the air temperature 
and the external temperature of the insect : 


Bomhus terresiris . . , 

Do 

Do 

Do 

Do .. . . 

Bombus lapidarius . 


Temper- 
ature 
of air. 

Body tem- 
perature. 

Temper- 
ature dif- 
ference. 

“F. 

“F. 

•F. 

66.9 

73*4 

S 

66. 9 

76. 2 

9-3 

66. 9 

73-4 

6.5 

69. 4 

76. 2 

6.8 

68.0 

77*5 

9-5 

68. 0 

71-5 

3-5 


At the time of taking the foregoing readings the insects were in an 
excited condition. 
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Dutrochet (7) used a thermocouple made by soldering an iron and 
copper wire together. He placed one couple in the body of the insect 
and the other couple in the body of a dead insect of tlie same species 
or in paper. He fastened several bees to a hive by means of a &read 
and took temperature readings while the bees were very active. One 
couple was placed 5 mm deep in the body of the bee; the other couple 
was wrapped in paper to protect it from radiation. The air tempera- 
ture was constant for four hours (19.2X.). This experiment showed that 
the temperature of the insect waso.i8°C. lower than that of the surround- 
ing air. The bees were next placed in a bell jar wit^li tlie air dampened. 
They then had a temperature of o i8°C. higher than the air temperature. 

Experiments with Bombus hortorum were also performed. The thermo- 
couple was not placed in the body but merely placed against it. The 
bee was then wrapped up in a piece of gauze which caused it to become 
very much excited. Under these conditions the temperature was o.5°C. 
higher than that of the surrounding air. As the bee became quiet, its 
temperature was o.03°C. lower than the air temperature Dutrochet 
concluded that insects when active had a temperature higher than the 
surrounding air, vrhen inactive a temperature that corresponded to that 
of the surrounding air. 

Dzierzon (8) observed that bees became motionless at 5®R. (6.25^0.*). 

Donhoff ( 5) placed 200 bees in a glass container the temperature of 
which was 22.5 °C. In a short time the temperature had risen to 34.4°C. 
He also pressed an individual bee against a thermometer and found it to 
have a temperature of i5/i6®C. higher than the air. He concluded that 
the difference in teniiierature between the bee and tlie surrounding air 
was greater when the air temperature was low and less when the air 
temperature was high. 

Schonfeld (77) placed 100 bees in a water glass which was perfectly dry. 
A piece of old dried wax was attached to the cover of the glass in which 
til ere was a hole for the insertion of the thermometer. A small board 
was placed in the bottom of the glass on which the thermometer rested. 
The entire apparatus was placed on a cook stove. After 3 hours and 
25 minutes the thermometer had risen from io°R. (i8.75®C.) to 3i.5°R. 
(39.3®C.). All the bees, with the exception of 5, were found standing 
on the wax. One bee began to fan as the temperature reached 32.7°R. 
(40.8°C.) and at 36®R. (45.0^0.) 80 bees fell to the bottom of the glass 
and died. Sixteen bees were still living at 46®R. (57-5°C.), and when 
the cover was removed they flew out. The experiment was repeated 
and 2 bees withstood the temperature of 48.2 °R. (60.2 °C.) and flew 
away when the glass was opened. 

Girard (9) carried on several experiments on insect temperature and 
found that the bumblebee had a lower temperature when in lack of 
honey. He concluded also that Hymenoptera had a higher temperature 
than thej surrounding air but a significantly lower temperature than the 
Eepidoptera and Diptera. 

Donhoff (6) observed that bees soon died at -i.5®C. when placed in 
frozen ground. 

Molin (12) found that bees became motionless at 5®R. (6.25®C.) and 
that at 7°R. (8.75°C.) they cleaned themselves and carried water. They 
left the hive and flew into the field at i2®R. (i5°C.). 

Koschewnikow (iz) noted that bees kept at a temperature between 
and I'^R. (0° to i.25°C,) for io}4 hours lived. Other bees that were 
motionless for 30 hours at a temperature of — i°R. ( — 1.25^0.) also 
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survived. After the bees were kept at — 2°R. ( — 2.5^C.) for 50 minutes 
they died. 

In his work on maximum temperature he concluded that: 

1. There was a range of 9® R. (11.25° C.) in the fatal temperature 
of bees. 

2. Dryness and dampness had no effect on bees in a high temperature. 

3. Workers and drones became very much excited when the tempera- 
ture was above 30° R. (37.5° C.). 

4. The highest minimum fatal temperature at which the workers died 
was 35° R. (43.75° C.), while the drones died at 30° R. (37.5° C.). 

5. The highest temperature which the bees could withstand was 

44" R. (55° C.). 

6. The workers immediately upon hatching showed a sensitiveness to 
heat, none surviving more than 39° R. (48.75° C.). 

7. Still younger bees with the chi tin less hard but apparently well 
formed were in contrast to the ones mentioned above because they were 
more capable of withstanding a higher temperature. They died at 52° 
to 53° R. (65° C.). The explanation of this phenomenon appears to lie 
in the fact that their bodies contained and evaporated considerable 
moisture and that they did not move. 

8. Upon bringing the bees immediatley into high temperature Kos- 
chewnikow observed that the period which passes between the time of 
inserting the bees and their death became .shorter with increases in 
temperature 

In the following review of the experiment no statement was made as 
to whether or not the figures given were the actual internal temperatures 
of the insects. 


Tenod oi exposure 


2 minutes 

2 minutes 10 seconds 
2 minutes 5 seconds . 
2 minutes 15 seconds 
I minute 30 seconds. . 
1 minute 10 seconds 
1 minute to seconds 
1 minute 10 seconds . 
45 .seconds. . 


Bachmetjew’^ (2) performed several experiments on the temperature 
of insects, especially Lepidoptera. He used a thermocouple made by 
soldering steel and manganese wires together. Both wires were con- 
nected to a galvanometer, one directly and the second after it had passed 
through a commutator. The wires were insulated by passing them 
through small glass tubes. Butterflies were placed on the couple, and 
from many experiments Bach met jew concluded that; 

When the body temperature reached 39° C. the insect became very 
active and died at 46 to 47° C. 

When the air temperature was lowered the body temperature of the 
insect was lowered to approximately -15° C.; there was then a rebound 


Tempera- 
ture to 

Tempera- 

which 
bees were 
exposed. 

ture of 
bees at 
death. 

“ R. 

* R. 

44 

45 

45 

46 

46 

46 . 75 

47 

48 

54 

55 

55 

55- 5 

5.5-5 

56 

56 

56 . 35 

57 

57- 5 
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in the body temperature from about -15° to about -1°. When the 
temperature of the body began to fall the insect died when the low 
point (“”15® C.) was reached the second time. 

Bachmetjew {3) made a general study of insect temperature in which 
he covered the work previously done on this subject. 

Brunnich (5) made a study of the temperature of tlie bee body and 
the bee brood. He used a thermocouple made by soldering a copper 
and platinum wire together, forming the warm junction of the couple. 
To the free end of the platinum wire, which was only a few centimeters 
in length, he soldered another copper wire. This second union acted as 
the cold junction of the couple. He used the room temperature for his 
cold junction and made no allowance for changes in the temperature 
of the room. He also used a telescope reading galvanometer which he 
.stated was not sensitive enough, since 15 seconds were required before 
the maximum reading was reached. The bees were greatly weakened 
by piercing with this rough thermocouple and soon died. He found 
that the body temperature of adult workers went as high as 39.6^ C., 
while that of the drones went as high as 48.4®. The results, however, 
gave no indication of uniformity, because some individuals gave high 
temperatures while others, under the same conditions, gave low 
temperatures. 

Since platinum is a good conductor of heat, there is great danger in 
having the warm and cold junction separated by a piece of wire only 
a few centimeters m length. In piercing the bee the temperature of 
its body or the handling of the wires, if held near the second couple, is 
likely to increase the temperature of that couple, thereby introducing 
an error in the readings, The increasing of the temperature of the sec- 
ond couple was undoubtedly the cause of the wide range in the body 
temperature cited by Brunnich in his paper. 

methods 

The piercing of the bees in the following experiment was done with a 
thermocouple (PI. I, A), made by soldering No. 20 double cotton 
covered copper and constantin (a copper-nickel alloy) wire together. 
The wires were tapered to a fine point before soldering by inserting the 
ends in concentrated nitric acid and slowly withdrawing them. This 
process was repeated until the wires obtained the desired points The 
tapered ends were then soldered together and the surplus solder filed 
off. A piece of cork w^as iUvSerted between the two wires near their 
junction to strengthen the couple and aid in the handling of it. 

The readings were made with the aid of a pyrovolter (PI. I, C) and 
galvanometer (PI. I, D), and the bee was pierced with a thermocouple 
of which the cold junction (PI. I, B) was placed in a thermos bottle 
filled with ice and w^ater to keep it at 0° C. A Northrup pyrovolter 
which has scales graduated into millivolts and degrees centigrade and 
a Leeds-Northrup outside galvanometer to aid in the setting of the zero 
point were used. By having one junction of the thermocouple in ice 
and water the resulting reading on the pyrovolter was the actual tempera- 
ture of the bee in degrees centigrade. 

One of the rooms in a cold-storage plant was used for the low' tempera- 
ture of 2.5®, 5.5°, S®, and 9® C. For “room temperature,” readings 
were made in the laboratory. Temperature readings for 27®, 

35^ 39-5^ 43»5°> and 58® C/were made in a temperature box in 
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which the heat was regulated by a series of lights. The temperature 
box was made by placing insulite on the outside of the box 34 by 35 by 
52 inches, the inside of which was lined with asbestos paper. There 
are two ventilating holes, one in the side near the bottom, the other in 
the top of the box. 

At all temperatures the bees were allowed at least 10 minutes to become 
adapted to the surrounding air before the first of the group was pierced. 
When readings were made at 52® and 58° C. it was found that bees 
exposed to this high temperature for about 30 minutes were dead. The 



bees were placed in the temperature box at this high temperature in 
groups varying from 5 to 8 bees per group and exposed to the tempera- 
ture for 10 minutes before any were pierced. The groups were placed 
in the box while its temperature was about that of the room. The lights 
were then turned on, and after the temperature had reached 52° or 58® 
and remained constant for 10 minutes the temperature readings were 
made. 

The data for the temperature curve (fig. i) were obtained from 
Italian bees that were all taken from one hive and in winter condition. 
On November 25 this hive along wi^ about 90 others was placed in a 
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room in a cold-storage plant which maintained a temperature of about 
7® to 7.5® C. throughout the experiment. A control was made by 
taking bees from different hives and placing them in groups, no two 
bees from the same hive in a group. A different group was used for 
each of the points on the curve. 

Because of the popular belief that the Carniolian bees can withstand 
a lower temperature than the Italian bees it was thought advisable to 
make temperature readings on the Carniolians. Readings were taken 
at the temperatures of 2.5°, 5.5®, 8®, 9®, 30®, 35®, and 52® C. A group 
of 10 Carniolians was placed in rooms having temperatures of 2.5®, 5.5®, 
and 9° C. along wdth a group of 10 Italian bees. In piercing the bees 
an Italian was pierced first and then a Carniolian until all the bees were 
pierced. At 8®, 30®, 35®, and 32® the Carniolians were handled in the 
same manner as described for the Italians. 

When taken from the hive the bees were placed in individual cages 
which allowed each bee the space of by % by inch. The cage 
was made from a block of wood % by hy 2 inches with a X by X 
inch groove in one surface. Cotton thread was used to wind around 
the block to prevent the escape of the bee. The thread also aided in 
piercing, as it permitted full view of the bee and eliminated the possi- 
bility of cross currents which might occur when using a wire screen ‘to 
cover the groove. All piercing was done in the thorax, since there are 
no large air sacs in this region. It did not make any difference whether 
the dorsal or ventral surface was pierced, as is shown in Table I. By 
using a fine thermocouple there was no noticeable bad effect on the bee 
such as Brunnich (j?) described in his paper. Several bees which were 
pierced, placed in a cage and fed, lived as long as bees not pierced and 
kept under the same conditions. Upon piercing these bees the second 
time, the same differences between the body temperature and that of 
the air were obtained as at the first piercing. 

All thermocouples used in the experiment were carefully compared 
with the mercurial thermometer used by taking the readings of the 
temperature of the air before any of the bees were pierced. The follow- 
ing is an example of the results obtained in such comparison: 

Air temperature (mercurial thermometer) 24® C. 

Air temperature (thermocouple) 23.5®, 24®, 24®, 24®, 24°, 24®, 23.5®, 
24®, 24®, 24® C. 
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Tabi<B 1 . — Body temperatures of bees at atr temperature 5.5® C. 


Bee No. 

Body tem- 
perature. 

Surface 

pierced. 

Condition 
of bee. 

Bee No. 

Body tem- 
perature. 

Surface 

pierced. 

Condition 
of bee. 


•c. 




•c. 
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Active 

51 

10 
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Do 
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0 
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5 
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. .do 

Do 

55 
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Do. 

6. 

TI 
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56 

xo 
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Do. 

7 

10 
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Do. 

57 .... 

xo. 5 

...do 

Do 

s . . . . 

13 
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Do 

58 

10 

.do 

Do. 

9 

XX 
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Do 

59 

10 5 
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Do. 

10 

XI 

do. 

Do 

60.. 

xo 

.. do . .. 

Do. 

II 

II 5 
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Do. 

61 ... . 
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. do . 
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13 

14 

do 

Do 

62 

13 5 
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Do. 

13 

13 
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Do 
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10 s 
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Do 

14 / 

II 
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10 
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IS 

XI 
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Do 

,65 

9 
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16 
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1 66 
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11 

XI 
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Do 

1 67 
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.. do . 
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XI 
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Do 
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Do 
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do 

Inactive 

72 

XI 

. .do . 

Inactive. 

33 

9 S 

do 
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10 
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do 

Do 

aS 
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9 
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39 

11 
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Do 
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XO 
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Do 
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do 
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xo 
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Do 

32 . 
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do 
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Average body temperature xo a * C. Difference between average body temperature and air temperature 


T]eMPERATURE OF THE ITALIAN WORKERS 

A striking result noted in the tables was the small range in the differ- 
ences between the maximum and minimum temperature readings at the 
different temperatures, as is shown in Table II. This is especially notice- 
able at the higher temperatures. In Table I there is a range of 5.5° C. 
between the maximum and minimum temperatures in the readings of 
100 bees. We find in Table II a variation in the differences from 9° at 
21.4® to 1.5° at 27° and 43.5° with the difference of 2.5° at the tem- 
peratures of 30.5®, 35®, 52°, and 58®. 
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Table Xl.-^Body iemperaiures of bees at various air temperatures 


Air tern* 
perature. 

Average 
body tem- 
perature. 

Difference 
betiiveen 
body and 
air tem- 
perature. 

Maximtun 
body tem- 
perature. 

Mimmum 
body tem- 
perature. 

Number 
of bees 
pierced. 

5-5 

10. '2 

4*7 

14 

8-5 

100 

21.4 

25.8 

4.4 

31 

22. 0 

100 

27. 0 

29. I 

2. 1 

30 

28.5 

54 

30. s 

32- 0 

1-5 

34 

31- 5 

100 

35 - 0 

35 - I 

‘I 

37 

34-5 

100 

39-5 

39 - 5 

1 -o 

42 

38.0 

100 

43-5 

436 

. I 

44 

42.5 

TOO 

52. 0 

46 0 

—6. 0 

48 

45 - 5 

100 

58. 0 

46.4 

— ii. 6 

4 « 

45-5 

11 


That bees are capable of regulating their temperature for a short 
period of time was shown by the fact that when bees were placed in the 
temperature box at 52° and 58° C. their body temperature did not at 
once correspond to that of the air, as it did from 35° to 44°, but was 
lower. After the bees were exposed to this temperature for about .25 
minutes, their body temperature approached nearer that of the air 
temperature. After they were in tlie temperature box for 30 minutes, 
they were dead and had the same temperature as that of the air. A few 
bees were tried at a low temperature — 10® to +21°, and it was noted 
that the temperature of the body fell with that of the environment. 

By handling the bees in individual cages they were not excited before 
piercing. The space allotted to each bee was large enough to permit it 
some movement, but not large enough for it to make use of its wings. 
Throughout the entire experiment only two bees. No. 62 and 71, in 
Table I, were observed to be fanning. They were immediately pierced 
and found to give a reading of 8° C. above that of the room, while those 
not fanning had a temperature about 4.6'^ above the air temperature. 
The bees were pierced at a low temperature and in the individual cages, 
so that the heat produced by the fanning was conserved, thereby raising 
their own temperature. 

When bees were exposed to the temperature of 5.5° C., they were 
taken into the room in groups of 15. A period of three minutes elapsed 
before the piercing of each successive bee to permit the thermocouple to 
return to room temperature. After the piercing of about the sixth bee 
the remainder of them became motionless but were easily revived by 
holding them in the hand for a few minutes. After a group of 10 ^'^es 
was kept in the room for a period of two hours they were pierced, and they 
gave an average temperature of 2° above the room temperature. After 
the bees were kept at this low temperature for 48 hours they were dead 
and recorded the same temperature as the surrounding air. The bees 
may have died from either starvation or from cold. 

When readings were taken at “room temperature “ the work was 
done in the laboratory and the temperature varied from 19.5° to 24° C., 
with an average of 21.5®. The bees were brought into tihe laboratory 
in groups of 10. At all other temperatures, with the exceptions of 52® 
and 58®, the ^es were used in groups of 25. 

As the air temperature was increased, the difference between the body 
temp^ature of the bee and the temperature of the air decreased until at 
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35®, or brood-rearing temperature, the two corresponded. As the air 
temperature went up from 35^ to 44® the temperature of the bee and 
that of the surrounding air were the same, as shown in Table II. 

When readings were taken at 52° and 58° C. the time factor entered, as 
the bees were at the point of their fatal temperature (about 46° to 48°). 
A bee was placed in the temperature box for 20 minutes before piercing. 
The thermocouple was placed in the thorax and kept there for seven 
minutes, readings being recorded every minute, during which time all 
movement ceased. Seven minutes later, when the couple was again 
inserted in the thorax, the body temperature of the bee was identical 
with that of the surrounding air. For the 100 bees used at 52° there 
was an average body temperature of 46°. If left at this temperature for 
30 minutes the bees died, which indicated that the fatal temperature 
was around 46° to 48®. 

About 250 bees were placed in a half pint (250-cc.) bottle. A ther- 
mocouple inserted near the top of the bottle gave a reading of 32° C. 
The temperature of the air in the room was at 25°. When the thermo- 
couple was inserted farther into the bottle, so that the bees clustered on 
the wires, the thermocouple registered 34°. Later, when the bees were 
quiet, the couple was reinserted and the temperature was at 29°. The 
bees were agitated and the temperature went up to 32°. Temperature 
readings were taken of individual bees, while the cluster was at 32°, and 
they gave an average temperature reading of 34°. 

Ten of these bees placed in a lo-cc. vial gave a temperature reading of 
32° C. When the bees were quiet, they had a temperature of 29°. 
Agitating the bees caused their temperature to rise slowly until it reached 
32° and remained there as long as the bees were active. This demon- 
strated that the bees can effect the temperature of their environment. 
If the heat radiated by the bee can be conserved, the temperature of 
the environment will go up. This in turn will permit the bee to raise 
its own temperature correspondingly, as there is a constant relationship 
between the body temperature of the bee and that of the environment 
it is in. 

As is shown by the temperature curve (fig. i) the supply of oxygen 
was a large factor in the amount of radiation tliat was set up by the bees. 
If the oxygen is limited, as may be done by corking the bees up tight in 
a bottle, the bees become inactive and the temperature goes down. If, 
on the other hand, the cork is removed and fresh oxygen is admitted, 
the bees give an immediate response. 

TEMPKRATURE OF ITALIAN DRONES 

few temperature readings were made on the drones which were 
taken from the hive early in the morning before they had left the hive 
to fly. At room temperature, 23® C., the body temperature of the drones 
corresponded to tliat of the workers, while at 52® the drones, average 
temperature was 42.4° compared with 46° for the workers. 

TEMPERATURE OF CARNIOEIAN WORKERS 

In work on the Camiolians more emphasis was placed on the lower 
temperature tlian on the higher ones. In Table III we find that there 
is no difference between the Camiolian and Italian bees for the tempera- 
tures of 2.5°, 5.5°, and 9° C. A comparison of Tables II and III for the 
temperatures of 30°, 35°, and 52® gives the same results. 
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Tabl9 III . — Comparison of body temperatures of Carniolian and Italian bees at various 

atr temperatures 


Number of bees 


Average body 

Difference be- 
tween body and 
air temperatures. 

Maximum body 

Minimum body 

pierced. 
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temperature. 

temperature. 

temperature. 



tempera- 
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liana. 

Italians. 

Camio- 
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bans. 

Italians. 



•c. 

•c. 

i ' ■ ■ 

1 -c. 

•c. 

•C. i 

•c. 
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•c. 
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10 
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2-S 
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2.4 
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7 

6 

4 

4*5 

8 

8 

5-5 
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1 8.5 

3.0 

30 

9 

9 

8 

8.0 



8. 0 

13-2 
13 - 8 1 


5 * 2 


16 
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12.5 

25.0 

12.5 

10 

as 

10 

1 

9.0 
30. 0 

13- 6 
! • • • 

4.8 
! 2. 1 

4.6 

1 s 

33-0 

16. 0 

1 32. r 

31*5 




1 



25 

35-0 

35-0 

0. 0 

35-0 

34*5 



I ! 



3 $ 

52 0 

46.3 

- 5-7 

48. 0 

45- 5 



i 




freezing point 

A Study of the freezing point and the phenomenon of supercooling of 
the bee was made. An ether bath and a potentiometer were used. The 
ether bath was more easily controlled than an ice bath, and the tempera- 
ture dropped about 05® C. per minute. Care was taken not to move the 
bee or have it come in contact with anything, as the least amount of 
movement will bring about the freezing of the insect. If the insect is 
moved or shaken abcjut the time the rebound from supercooling to the 
actual freezing point is to take place, the bee will freeze and the rebound 
is not evident. It was also found that if the temperature of the bee 
when nearing its freezing point went down slowly, the freezing would 
take place and there would be n(^ supercooling with a rebound to the 
freezing point. However, if the temperature went down rapidly as it 
neared the freezing point, the bee was supercooled and the rebound 
occurred. Three individual bees w’^ere taken dowm to —2.3®, when 
there was a rebound to —0.8°, or the actual freezing point. Another 
bee was supercooled to —4.3°, when the rebound occurred, the tem- 
perature going up to —2"^., the actual freezing point. This confonns 
with the results obtained by Bachmetjew. The variation in the results 
is probably due to the fact that individuals do not have the same freezing 
point. 

SUMMARY 

The large variation in the results obtained by the early workers was 
due to tlie differences in metliods of performing their experiments. 
Many of the old wwkers used mercurial thermometers, or theraiocouples, 
w^hich were then just coming into use. Nobili and Melloni (15) were 
the first to ever use this method. Because of the wdde variation and 
unrefinement of the methods used by the early workers and the results 
they obtained their wmk remains only of historical value. 

Bachmetjew (2) has contributed considerably to the general work 
on insect temperature by bringing together and giving a summary of 
the older works. In addition to this, he has performed many original 
experiments on the temperature of individual insects. 

Brunnich {3) is the most recent worker on the temperature of bees. 
The lack of uniformity in his results is undoubtedly due to the fact that 
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he used the room temperature for the cold junction of his thermocouple* 
This cold junction was not controlled at a constant temperature, but was 
subject to fluctuations due to changes in the temperature of the room 
and also to the heat conducted along the short platinum wire from the 
bee which was pierced and from the hand with which the thermocouple 
was held while piercing the bees and taking the readings. Thus fluctua- 
tions in readings whicli Brunnicli attributed to fluctuations of the tem- 
perature of Uie bee were more probably due to the fluctuations in the 
temperature of the cold junctions. 

The author obtained very uniform results by using refined thermo- 
couple methods and by having the cold junction in ice and water, keeping 
it constantly at o° C. 


CONCLUSIONS 

From the foregoing results the following conclusions were made : 

The average body temperature of tlie bee is 4.7° C. above that of the 
surrounding air when the air temperature is 5.5^ and coincides with the 
air temperature when that is between 35° and 44°. 

At 52° C. or above the temperature of the bee’s body is lower than that 
of the air if not exposed to the high temperature for a long period of time. 

The maximum fatal temperature of bees is about 46° to 48° C., and tlie 
freezing point is about —1°. 

There is no appreciable difference between the body temperature of 
the Carniolian and Italian bees. 

Bees are not wholly subject to the temperature of their environment, 
but are capable within certain limits of regulating their body temperature. 

The ability of a colony to regulate its temperature is undoubtedly due 
to the ability of the individual to regulate its body temperature plus 
the ability to regulate and conserve the heat produced. 

LITERATURE CITED 

(1) Baciimetjew, P. 

1899. USER DIE temperatur der insekten nach heobacutungen in bue- 
GARiEN, In Ztsclir Wiss. Zool., Bd. 66 , p. 521-604, 5 fig. Littera- 
turverzciclinis, p, 601-604. 

(2) 

1901. EXPERIMENTELLE ENTOMOLOGISCHE STUDIEN. BD. I. TEMPERATURVER- 
HAETNissE BEi INSEKTEN. ix, i6o p., 7 fig. Leipzg. Litteraturver- 
zeichnis, p 148-158. 

(3) BrOnnicii, K. 

1919. DIE TEMPERATUR DES BIENENEEIBES UND DER BIENENBRUT. In ZtSChr. 
Angew. Ent., Bd 6, p. 84-92, 3 fig. 

(4) Davy, John. 

1826. OBSERVATIONS SUR LA TEMPERATURE DE l'hOMME ET DES ANIMAUX 
DE DIVERS GENRES. In Ann. Chim. et Phyv*?., S6r. 2, tome 33, p. 
181-197. 

(5) D6NH0PP 

1857. BEITRAGE 2UR BIENENKUNDE (xxiv). In Bicnen-Ztg., Bd. 13, p. 
199-201. 

( 6 ) 

1872. BEITRAGE 2UR PHYSiOLOGiE. In Arch. Anat. Physiol, imd Wiss. Med., 
Jahrg. 1872, p. 724-728. 

(7) Dutrochet 

1840. RECHERCHES SUR LA CHALEUR PROPRE DES fiTRES VIVANS X BASSE 
TEMPERATURE. In Ann. Sci. Nat. Bot., S 4 r. 2, tome 13, p. 5-49, 
65-85. 

(8) Dzierzon 

1856. BEI WELCHER TEMPERATUR KONNEN DIE BIENEN BBSTEHEN? In BieneH- 
Ztg., Bd. 12, p. 265-266. 



Apr. 98, tp93 Studies on the T emperature of Individual Insects 


287 


{9) Girard, Maurice. 

1869. Etudes sur la chaleur libre dEgagiSe par les animaux invert^- 
BRiSs ET SPtoALEMENT LES INSECTES, In Ann. Sci. Nat. Zool., S6r. 5, 
tome II, p. 135-274. 

{10) Hausmann, Johann, 

1803. DE ANIMALIUM EXSANGUINUM RESPIRATIONE COMMENTATIS. [Gottingen.] 
vi, 7op, Hannoverae. 

( 11 ) Koschewnikow, G. 

1895-96. t)BER DIE BEDEDTUNG DER DIE BIENEN tJMGEBENDEN LUPT-TEMPERA- 
TUR FttR IHR LEBEN UND T}BER DIE TEMPERATUR DER BIENEN 
SELBST. Russische Beienesucht-Liste. 1895. 

(12) Molin, R. 

1880. DAS LEBEN UND RATIONELLE ZUCIIT DER HONIGBIENE. Wien. 

<13) Mussehl. 

1836. UEBER DAS WINTERLEBEN DER STOCKBIENEN. In Isis Von Okcn, Jahfg. 

, , „ P 566-573 

(14) Newport, George. 

1837. ON THE TEMPERATURE OF INSECTS, AND ITS CONNECTION WITH THE 

functions OF RESPIRATION AND CIRCULATION IN THIS CLASS OF INVER- 
TEBRATED ANIMALS. In Phil, Trans Roy. vSoc. London, 1837, Pt. 2, 
p. 259-338. Bibliographical footnotes. 

(15) Nobili and Melloni. 

1831. RECHERCIIES SUR PLUSIEURS PHENOmEnES CALOKIFIQUES ENTREPRISES 
AU MO YEN DU thermo-mulTiplicateur In Ann. Cliim. et Phys., 
86r. 2, tome 48, p. 198-218. 

(16) Phillips, E. P' , and Demuth, George vS. 

1914. THE temperature of THE HONEV-BEE CLUSTER IN WINTER. U, S. 
Dept Agr Bui 93, ro p , 2 fig 
<17) SchOnfeld 

1866. DIE wXrmegrenzen, innerualb deren DIB BIENEN LEBEN. In Biencu- 
Ztg., Bd 22, p- 89-92 



PLATE I 

A — Warm junction of the thermocouple. 

B. -Cold junction of the thermocouple. 

C — Pyrovolter. 

D — Galvanometer. 


(288) 







A STUDY OF THE EFFECT OF CHANGING THE ABSOLUTE 
REACTION OF SOILS UPON THEIR AZOTOBACTER 
CONTENT ‘ 

By P. L. Gainey 

Professor of Bacteriology, Kansas Agricultural Experiment Station 
INTRODUCTION 

In studying the apparent correlation between the absolute reaction 
of soils and the presence of Azotobacter it occurred to the writer that 
if such a correlation existed one ought to be able, by varying the reac- 
tion, to control the Azotobacter content of any soil. To test the correct- 
ness of this view three lines of investigation were suggested. 

(1) If two soils, one with a hydrogen-ion concentration favorable to 
the growth of Azotobacter, the other unfavorable, are mixed in varying 
proportions the hydrogen-ion concentration of some mixtures should be 
favorable and others unfavorable to the growth or existence of this group 
of organisms. All mixtures giving a hydrogen-ion concentration less 
than the maximum tolerated by Azotobacter should, upon subsequent 
analyses, show their presence. On the other hand, all mixtures giving 
a hydrogen-ion concentration greater than the maximum should mot 
show the presence of Azotobacter, provided a sufficient incubation period 
elapsed to bring about their destruction. 

(2) If the absence of Azotobacter in any soil is due to its high hydrogen- 
ion concentration, one should be able to decrease the acidity by the 
addition of increasing quantities of non toxic basic materials, to a point 
where, once introduced, Azotobacter would survive. 

(3) If a high hydrogen-ion concentration is inimical to the presence 
of Azotobacter one should be able, by the addition of acid, to increase 
the acidity of any soil containing Azotobacter to a point beyond the 
maximum tolerated by these organivsms and thereby cause their dis- 
appearance. 

The purpose of this paper is to report a few typical examples of a large 
number of experiments that have been carried out along these lines, 

METHODS 

The methods employed in the experiments here reported were similar 
to those previously reported.® Tests for Azotobacter were made by 
inoculating a mannite cultural solution with 10 per cent of soil, or the 
equivalent, as a suspension. Incubation was at room temperature. At 
frequent intervals during incubation the cultures were examined macro- 
scopically to ascertain whether or not a film characteristic of Azotobacter 
was present. If the film was not typical and there were any indications 
of Azotobacter being present a microscopic examination was made. If 
the evidence thus obtained showed the presence of Azotobacter, it has 
been indicated by a plus sign in the follomng tables. A minus sign 


* Accepted for pdbllcAtion June ao, 1933. Contribution No. 48, Department oi Bacteriology, Kansas 
Agricultural Experiment Station. 

»OAiKBy, P, E. son, keaCTIQN and THB growth of AZOTOBACTER Jn Jour. Agr. Research, v 14, 
p. 365-371. 1918. 
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signifies the absence of Azotobacter. Where a question mark has been 
inserted it was impossible to tell whether Azotobacter were present 

The hydrogen-ion concentration determinations were made either 
colorimetrically after Gillespies method,® or electrometrically upon sus- 
pension of the soil. For the latter purpose a Leeds and Northrup potenio- 
meter outfit was used in connection with saturated K Cl — calomel and 
hydrogen electrodes similar to that described by Hildebrand.* In gen- 
eral the two methods agreed very closely. 

The mixtures of soils, or soils with various additions, were placed in 
500-CC. wide-mouthed bottles plugged with cotton, and the moisture 
content was brought to a favorable point. Incubation was at room 
temperature. At frequent intervals the moisture lost through evapora- 
tion was restored. A more detailed description of the methods employed 
will be presented when the data are published in full. 

RESULTS 
MIXING SOILS 

In the two experiments rejx)rted in Tables I and II, two soils (A and E), 
containing a vigorous Azotobacter flora, and one soil (B), in whidi 
Azotobacter have never been found, were studied. Soil A is approxi- 
mately neutral, Ph 6.94. Soil E contains a high percentage of lime- 
stone and is alkaline, Ph 7.73. Soil B is strongly acid, Ph 3.65. Soils 
A and B would, under normal conditions, be expected to have approxi- 
mately the same reaction, since the two are from similar locations and 
were taken only a few yards apart. However, the soil where B was taken 
was planted to pine trees a number of years ago and the high acidity 
is undoubtedly due to the decomposition of the highly acid pine needles. 
Extensive use has been made of this soil because it is the only strongly 
acid soil yet located in this immediate vicinity. 

Previously reported experiments,® indicated that the maximum 
hydrogen-ion concentration tolerated by Azotobacter in soils is near 
I X I O'"®, or Ph 6.0. If Ph 6.0 represents the maximum acidity tolerated 
by this group of organisms, then all mixtures of soils A and B or E and B 
less acid than Ph 6.0 should, upon subsequent analyses, show Azotobacter, 
while all mixtures in which the acidity was very much greater tlian Ph 
6.0 should not show their presence. It is probable that Azotobacter can 
exist for some time in a hydrogen-ion concentration that would not permit 
growth. This being true, some of the less acid samples in which Azoto- 
bacter can not grow might be able to initiate the growth of Azotobacter 
in a cultural solution. 1 1 would be expected that the higher the hydrogen- 
ion concentration the more rapidly the Azotobacter would be destroyed. 
From the relative reactions of the three soils it would also be expected 
that the quantity of soil A necessary to add to soil B in order to reduce 
the acidity of the mixture to Ph 6.0 would be larger than would be 
required in soil A glance at the second, third, and fourth columns 
of Tables I and II will show that in mixtures of soils A and B the ratio 
of A to B required to give an acidity less than Ph 6.0 lies somewhat 
between 9 to r and 4 to r . In mixtures of soils K and B the ratio of E 
to B required to give the same reaction is i to 3. 

* GII.C.8SPIQ, L J THB RG\CTION OF SOIl, AND MBASU&BMKNTS OF HVOKOC'tBN-ION CONCENTILVTIOW. 
In Jour Wash Acad Sci . v 6, p 7-16, 2 fig 19x6 

* HUJOBBRAKD. J H SOMB applications of TH« UYDROCBN BLBCTRODB in analysis, RESSAltCH. AM 1 » 

TBACHING. /n Jour Amer. Chem Soe . v 3s, P 847-871,1511)? 1913 

* Gawby, P, L. op. CIT. 
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Table I . — Ejffaci qf mixing an alkaline and an add soil upon presence of Azotobacter, 
Mixtures of soils A and B 0 


Sample No. 

Grams 
of soil A. 

Grams of 
soil B. 

P*. 

Azotobacter cultures 

No CaCOs added to soil | 

CaCOs added to soil 





Jan 30. 

May 33. Dec it ! 

1 

Jan 30 May 33 Dec. n. 


300 

0 

7. 02 

4 - 

+ J 

4 - + 4 * 


300 

0 

6.86 

+ i 

4 - + 

4 - + 4 - 


270 

30 

1 6-42 1 

4 - 

4 - 4 - 

4 - 4 - 4 - 


270 

30 

6.32 1 

+ 

4 - 4 - 

4 - 4 - 4 - 


240 

60 

5 . 76 * 

+ 

4 * 4 - 

4 - -f -f 


240 

60 

S.8* 

+ 

+ 4 - 

4 - 4 - 4 - 


ISO 

150 

4. 60 

4- 

4 - 

4 - 4 - -f 


ISO 

150 

4. 61 

4- 

— — 

4 - 4 - 4 - 


60 

240 

4. II 

4- 

_ — 

-h 4 - 4 - 


60 

240 

4. 09 

+ 

— ~ 

4 - 4 - 4 - 


30 

270 

3 79 

+ 

— ~ 

4 - 4 - 4 - 


30 

270 

3 - 90 

4- 

— ~ 

-f -i- 4 - 


IS 

28s 

3 * 77 

4- 

_ 

4 - 4 - 4 - 


IS 

285 

3*75 

4 - , 

— — 

-f- -f- -f- 


3 

297 

3 - 75 

4 - ' 

— — . 

4 - 4 - 4 - 


3 

297 

3. 68 , 

-f i 


4 - 4 - ‘ 4 - 


I 

299 

3.66 

4 - 


4 - 4 - 4 - 


I 

299 

3-65 

■f 1 

— ~ 

4- -f* 4 * 


0 

300 

3. 68 

— ! 

— — 



0 

300 

3-62 





o » Presence of Azotobaclcr 
— “Absence of Azotobacter 

Experiment set up Jan 30. Moisture content optimum. Acidity determined elcctrometncally. 

Table II . — Effect of mixing an alkaline and an acid soil upon presence of Azotobacter. 
Mixtures of soils E and B 





i Azotobacter cultures 







soilE 

1 soil B 

Ph 

May I 

. ... 

May 18. 

June 31 . 

200 

i 

0 

7 - 73 

i 

4 - 

4 - 

4 - 

199 

I 

7.64 

4 - 

4 - 

4 - 

19s 

5 

7-67 

4 - 

-f 

4 - 

190 

10 

7.67 

4 - 

+ 

4 - 

175 

25 

7-56 

4 - 

4 - 

4 - 

150 

SO 

7. 61 

-f 

4 - 

4 - 

125 

75 

7 - 52 

4 - 

4 - 

4 - 

100 

100 

7-37 

-f 

4 - 

4 - 

75 

125 

7. 06 

-f 

4 - 

4 - 

50 

150 

6. 02 

4 - 

4 - 

4 - 

25 

175 

4.87 

4 - 

4 - 

— 

10 

190 

3 * 99 

-i- 

? 

“ 

5 

195 

3-94 

4 - 

4 - 

— 

I 

199 

3 * 74 

— 


— 

0 

200 

3 - 64 





o ?«• Azotobacter iadefmite. 

Presence of Azotobacter 

— Absence of Azotobacter. . j 1 ^ .-1^11., 

Experiment set up May t. Moisture content optimum. Acidity determined elect rometr lean y. 

30618--23 2 
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A further examination of the two tables will show that, when cultured 
immediately after mixing, all mixtures of A and B and E and B, except 
I part of E to 199 parts of B, contained Azotobacter. Subsequent cul- 
tures, made after varying periods of incubation, show a gradual disap- 
pearance of Azotobacter in the more acid mixtures until only those 
samples contain them in which the acidity approaches very close to or 
is less than Ph 6.0. Numerous experiments have shown that the more 
acid a soil is the quicker will Azotobacter disappear therefrom when 
introduced, and that they can exist for some time in soils only slightly 
more acid than Ph 6.0. All the evidence accumulated so far, however, 
indicates that they can not remain indefinitely in a soil very much more 
acid than Ph 6.0. 


ADDITION OF CAI.CIUM CARBONATE 

In these experiments the aim was to find out whether lowering the 
hydrogen-ion concentration of a soil more acid than Ph 6.0, and not 
containing Azotobacter, would render the soil capable of supporting such 
a flora when introduced. The method followed was to add increasing 
quantities of various basic materials, particularly calcium carbonate, to 
acid soils containing no Azotobacter, inoculate the soil with Azotobacter, 
and after varying incubation periods culture to see whether or not the 
introduced organisms survived. 

Table III. — E^ffect oj CaCO^ upon ihe longevity of Azotobacter in an acid soil(B)n 


Sample No 

Percent- 
age of 
CaCOi 

Pounds 
CaCOs 
per acre 

A 

Sept. I 

totobacter cultur 

Oct. 21 1 Jan 4 

es 

Feb. iS. 


0.0 

0 


4 ” 





2 

.1 

3, 000 

■f 

4 - 


— 

3 

. 2 

6, 000 

-h 

4 - 


— 

4 

•3 

9, 000 


4 - 


— 

5 

.4 

12, 000 

+ 

4 " 

— * 

— 

6 

•5 

15, 000 

+ 

+ 

— 

— 

7 

.6 

18, 000 

■f 

4 - 

4 “ 

+ 


• 7 

21, 000 

4 - 

4 - 

4 “ 

+ 

9 . . . .... 

.8 

24, 000 

+ 

H- 

+ 

•f 

10 . . . . . 

•9 

27, 000 

4 - 

4 - 

+ 

4 * 

II 

I. 0 

30, 000 

4 - 

4 * 

4 - 

+ 


1. 1 

33, 000 
36, 000 

4 - 

4 " 

: 4 - 

4 - 

13 

I. 2 

4 - 

+ 

i 

+ 

14 > • • 

1-3 

39, 000 

4 - 

4 - 

4 - 

4 - 

15 

I. 4 

. 42, 000 

4 - 

4 - 

! 4 - 

+ 


1-5 

45,000 

4 - 

4 - 

i 4 - 

1 

4 - 


a 4- Presence of Azotobacter. — -"Absence of Azotobacter Experiment set up Aug 20 Moisture 
content optimum 
b 3 , 000,000 pounds soil. 


In Table III it will be observed that a minimum of 18,000 pounds per 
acre (3,000,000 pounds), or 0.6 per cent calcium carbonate, were required 
to render soil B capable of supporting an Azotobacter flora. Unfortu- 
nately the hydrogen-ion concentration of the samples of soil of these 
experiments was not determined. 
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Tablb IV . — Ejffeci of basic compounds upon longevity of Azotobacter in an acid soil (B)® 






Azotobacter cultures. 

Sample 

No. 

Basic compounds added 

Pounds 
per acre b 

Ph. 

-- 







Peb 9 

Mar 18 j May 7. 

1 



4.3 







2 

0 . .. . 


4.3 

— 

— 

•— 

3 

0. 01 per cent CaCOg 

300 

4.3 

— 

— 

— 

4 

. 05 per cent CaCOg 

I, 500 

4. 4 

— 

— 

— 

5 

. 10 per cent CaCOg 

3.000 

4. 7 

— 

— 

-- 

6 

. 50 per cent CaCOg 

1 5, 000 

5*3 

+ 

— 

— 

7 

1. 00 per cent CaCOg . . . 

2. 50 per cent CaCOg 

30, 000 

6. 5 

+ 


4 

8 

75. 000 

7.0 

4 - 


4 

9 

1. 01 per cent Na^COg . . * 

i 300 1 

i 4. 3 

— 

— 

— 

10 

1 . 05 per cent NaaCOg ... . j 

i I. 500 1 

i 4.8 

— 

— 

•— 

11 

. 10 per cent Na^COg i 

1 3 . 000 1 

5 - 2 

— 

— 

— 

12 

. 50 per cent Na .COg .... . ' 

' 15, 000 


— 


— 

13 : 

1, 00 per cent Na^COg ; 

1 30,000 ! 

6 S 

— 


— 

14 ' 

2. 50 per cent Na^COg .... ' 

' 75. 000 

c8. 6 

— 

— 

— 


. 01 per cent Mg.COg .... | 

300 

4. 3 

— 

— 

— 

16 i 

. 05 per cent Mg CO3 ... 1 

1, 500 

4 - 3 

~ 

— 

— 

17 

. 10 per cent Mg.COg 

3, 000 

4.3 


— 

— 

i8 ' 

. 50 per cent Mg CO3 ‘ 

15, 000 

5 4 


— 

— 

19 1 

1 00 per cent Mg CO3 . . . ■ 

30, 000 1 

6 6 

+ 

4 

* 4 

20 ; 

2. 50 per cent Mg CO3 . . . | 

75,000 1 

1 

7 8 

+ 


— 


« + “* rresenc'c of Azotobacter -- •» Abseticc of Azotobacter. Experiment set up Jan ai, Moisture 
content optimum 
l» 3,000,000 pounds <.011 
‘ Greater than S 6 

The data reported in Table IV were secured from the same soil, but 
the variations in the quantity of basic material added were much greater. 
Here again 15,000 pounds of calcium, magnesium, or sodium carbonate 
failed to reduce the acidity to Pn 6.0 or to make conditions favorable 
for the existence of Azotobacter. The Ph where 15,000 pounds of cal- 
cium carbonate were added was 5.3. Where 30,000 pounds, the next larg- 
est quantity, were added the Ph was 6.5 and the sample contained Azo- 
tobacter at all subsequent analyses. 

Soil G with a reaction very close to Ph 5.8 (col orime tricall y) was used in 
the experiments reported in Table V. The quantity of calcium, sodium, 
or magnesium carbonate necessary to reduce the acidity to Ph 6.0, or less, 
was not as great as was required by soil B. Two months after incubation 
started all samples except No. 12 (Table V) contained Azotobacter. In 
this particular case the high concentration of magnesium carbonate had 
apparently destroyed all organisms of this group. At the next analyses, 
seven weeks later, Azotobacter had disappeared from all samples more 
acid than Ph 6.0 and still remained in all those with a less high hydrogen- 
ion concentration, except when apparently destroyed by the high con- 
centration of magnesium and sodium carbonate. 

When excessive quantities of sodium and magnesium carbonate were 
added they apparently became toxic to the Azotobacter. The quantity 
necessary to produce sucli a condition was greater in soil G than in soil B. 
Lipman ® has reported a toxic effect upon Azotobacter from both sodium 
and magnesium carbonate. 


• Lopman, Charles B., and Shaw, E. T. toxic effects of "alkali salts" in soils on soil bacteria. 
ni. NITKOCEN FIXATION. In Ccutbl, Balct. [etc.l, Abt, a, Bd 35, p 647-653. 1 

Eipman, Charles B., and Burgess, Paul S. the FBOTBcnvR action, against Mgcoi of cacos for 
A . CBROOCOCCUM. In Jour. Agr. Sci , v. 6, p. 484'-498. 1914 Bibliographical footnotes. 
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Tabi^G V . — Effect of basic compounds upon the longevHy of AMotobacter in an acid soil (/)<* 


Sample 

No 

Basic compounds added. 

Pounds 
per acre ^ 

P», 

Azotobacter cultures. 

Feb to. 

Mar. 19. 

Mays. 

I 

0. oi per cent CaCOg 

300 

5-9 

4 " 

+ 


2 

. 0$ per cent CaCOj 

I, soo 

6 . 0 

4 * 

4 

— 

3 

. 10 per cent CaCO* 

3,000 

6. 2 

4 - 

4 * 

4 

4 

. 50 per cent CaCOg 

15,000 

7-4 

4 - 

+ 

4 

5 

1. 00 per cent CaCOg 

30,000 

7-4 

4 

4 

4 

6 

2. 50 per cent CaCOg 

75,000 

7-4 

4 

4 

4 - 

7 

. 01 per cent Na^COg 

300 

5.8 

4 

4 

— 

8 

. 05 per cent NajCOg 

1,500 

6. 0 

4 

4 


9 ' 

. 10 per cent NagCOg 

3,000 

6. 2 

4 - 

4 

+ 

10 1 

. 50 per cent NagCOg ... 

15,000 

7.6 

4 

4 

4 

II ! 

I. 00 per cent NagCOg 

30,000 

C8.6 

+ 

+ 

4 

12 

2. 50 per cent NagCOg 

75,000 

eg. 6 

+ 

— 

— 

13 

01 per cent Mg.COg ..... 

300 

5.8 

4 

4 

— 

14 

. 05 per cent Mg.COg 

I, 500 

6. 0 

4 

4 - 

4 - 

15 

. 10 per cent Mg.COg . ... 

3,000 

6.4 

4 

4 

4 

16 

. 50 per cent Mg.COg 

15,000 

7 6 

4 

4 

4 

17 

I 00 per cent Mg.COg . . . 

30,000 

8.0 

4 

' 4 

4 

18 

! 2. 50 per cent Mg.COg 

75,000 

8.6 

4 

' -h 



« + •» Presence of Azotobacter. — “ Absence of Azotobacter Exr>eriment set up Jan n, Moisture 
content optimum Acidity determined colonmetncally 

* 3,000.000 pounds soil 

« Greater than 8 6. 

It is evident from the data presented in Tables III, IV, and V that 
the addition of calcium carbonate to an acid soil, not containing Azoto- 
bacter, if in sufficient quantity to reduce the hydrogen-ion concentration 
to approximately Ph 6.0 or lower, is all that is necessary to render the 
soil capable of supporting an Azotobacter flora. In no case, however, 
have Azotobacter been observed to appear in a soil so treated unless 
accompanied by inoculation either natural or artificial. In other words, 
Azotobacter are actually not present and must be introduced or the addi- 
tion of calcium carbonate can have no effect upon nitrogen fixation by 
this group of organisms. 

EFFECT OF ADDING ACID 

In the experiments reported in Tables VI and VII, increasing quanti- 
ties of various acids were added to soils A and C. Both these soils con- 
tained abundant Azotobacter. The reaction of soil A was very near 
Pji 7.0 and of soil C was near Ph 6.5. 

Sulphuric, hydrochloric, acetic, and butyric acids were added to soil 
C reported in Table VI. Sulphuric and hydrochloric acid increased the 
h^’^drogen-ion concentration of the soil as ^e quantity of acid increased. 
As soon as the acidity passed much beyond Pr 6.0 Azotobacter were 
unable to survive prolonged incubation. When acetic or butyric acid 
was added it apparently had no effect upon the reaction, unless to re- 
duce the hydrogen-ion concentration. This is contrary to the data 
presented in Table VII and is probably due to the time at which the 
hydrogen-ion concentration determinations were made. In Table VI 
the reaction was determined at the end of the period of incubation, 
while in Table VII the acidity determinations were made immediately 
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after being added or at the beginning of incubation. There are in soils 
organisms capable of utilizing many organic acids or their salts as food. 
This would cause the disappearance of the add. 

Tabl^ VI . — Effect of adding acid to a soil containing Azotobacter (soil C) ^ 


Sam- 

ple 

No. 

Acid added to aoo gm soil 

pR 

Azqto 

cult 

Mar 2 

bacter 

ures. 

June 33 

I 

0,2 cc. A// sulphuric 

6. S? 

4- 

4. 

2 

1,0 cc. Nji sulphuric 

6. 77 

-j- 

4 - 

3 

5.0 cc. Nj] sulphuric 

q. 88 

4- 


4 

10.0 cc. Nfi sulphuric 

91 . 20 

4 - 

(T) 

5 

20.0 cc. sulphuric 


4 - 


6 

.2 cc. N(i acetic 


4 “ 

4. 

7 

1 0 cc. Nji acetic 

6. 6i 

-f 

4 - 

8 

5.0 cc. Nji acetic 

6. 64 


4 " 

.9 

lo.o cc. TV/z acetic 

6. 74 

+ 

10 . . 

20.0 cc. N/z acetic . 

7. 10 


(?) 

II 

.2 cc. N/zbutync 

6.44 

4- 

4 “ 

13 . 

1.0 cc. V/z butyric ... 

6.58 

+ 

-h 

13 - . 

5.0 cc. iV/j butyric 

6. 69 

+ . 

+ 

14 

lo.o cc. V/z butyric . .. . .. . 

6. 70 


4 - 

15 •• 

20.0 cc. N/i butyric 

7 * 05 

— 

4 - 

16 . . . 

.2 cc. V/z hydrochloric .. 

6. 41 

H- 

4 - 

17. , 

1 . 0 cc . iV/z hy droch loric 

6. 51 

+ 

4 - 

18 .. 

S 0 cc. N/i hydrochloric 

5 - 58 

■f 

— 

19 . 

lo.o cc, Nji hydrochloric ... 

5*51 

+ 

— 

20 . . 

20 0 cc. iV/z hydrochloric 

4 - SI 

+ 


21 

0 

6 . so 


4 - 


<* +*- Presence of Azotobacter 

Absence of Azotobacter 
>•* Azotobacter indefinite 

Experiment set up Feb i6 Moisture content optimum. 

Acidity determined electrometrically 

The increased growth of such organisms would bring about the ac- 
cumulation of protein in their bodies which, upon decomposition, would 
result in the formation of more ammonia and hence a possible* decrease 
in the hydrogen-ion concentration. The initial high acidity might result 
in either the partial or total destruction of the Azotobacter flora. If 
only a few organisms survived they might escape detection by the 
methods used. As soon, however, as the reaction again became favor- 
able they would become abundant and be easily detected. This is prob- 
ably what occurred in samples 14 and 15 of Table VI. On the other 
hand, if all the Azotobacter were killed they would never reappear 
unless inoculation took place, and subsequent analyses would fail to 
reveal their presence even though the reaction were favorable. The 
rapidity with which the Azotobacter are destroyed probably depends 
upon the degree of acidity, while the completeness with which they 
disappear from an add soil depends upon the length of time the organ- 
isms are in contact with the acid condition. In the examples just given 
their complete destruction would depend upon the initial acidity and 
the period that elapsed before the hydrogen-ion concentration was 
again reduced below the maximum tolerated. 

The data in Table VII show that with increasing quantities of organic 
as well as mineral acids the hydrogen-ion concentration increases. From 
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the reaction of samples 6 and 18 in Table VII Azotobacter would not 
be expected to be present. For reasons jUst discussed, it is probabk 
that their presence in these samples is due to the fact that the initial 
hydrogen-ion concentration did not exist sufficiently long to destroy 
them. 


TablK VII. — Ej^eci of adding add to soil containing Azotobacter (soil A) » 


Sam- 

ple 

Acid added to aoo tan soil 

Pa, 

Azotobacter 

cultures 

No. 


Aug 32 . 

Oct 10. 

I 


6.81 

+ 


2 

10 cc. 2N sulphuric 

2. 53 




20 cc. zN sulphuric 

2. 26 

— 

— 

4 

so cc. zN sulphuric 

2. 01 

— 

— 

5 

50 cc. zN sulphuric-f 10 gra. CaCOa 

1.83 

— 

— 

6.... 

10 cc. zN lactic 

5- 70 


-h 

7.. .. 

20 cc. zN lactic 

4 - 50 



s.... 

50 cc. zN lactic 

4. 06 

— 

— 

9.... 

so cc. zN lactic-fio gm. CaCOg 

7 - 03 

+ 

+ 

10 

10 cc. 2 AT lactic 

6. 46 

H- 

4 - 

11 

20 cc zN lactic 

5 - 09 

4 - 

4 - 

12 . 

50 cc. zN lactic 

3 - 73 



13 

50 cc. 2iV lactic 4 -io gm. CaCOg 

6. 00 

+ 

— 

14. .. 

10 cc. zN formic. . . 

b. 20 

4 - 

4* 

IS 

20 cc. zN formic . . 

4.09 



16 

17 - 

50 cc zN formic . . 

50 cc. zN formic-f 10 gra. CaCOg 

3 - 4.3 

7.78 

+ 

I 

18 . 

10 cc. zN citric 

4. 60 

+ 

+ 

19. 

20 cc. zN citric 

2 62 



20 . . 1 

50 cc. 2 A citric ... 

3 10 

— 


21 . . 

50 cc. 2 AT citric -f 10 gra. CaCOg 

2 55 

— 

— 


« Presence of Azotobacter 
——Absence of Azotobacter 

Experiment set up Aug 6 Moisture content optimum 
Acidity determined electromctncally 


The data presented in Table VII indicate that if sufficient calcium 
carbonate is added to neutralize the added acid the Azotobacter will 
not be affected. However, large quantities of calcium carbonate are in« 
effective unless tlie quantity is sufficient to maintain a favorable re- 
action. 4 

CONCI.UvSIONS 

(1) If two soils, one more acid than Pa 6.0 and containing no Azoto* 
bacter and the other less acid than Pu 6.0 and containing Azotobacter, 
are mixed in varying proportions, incubated for some time, and cultured 
for Azotobacter, all mixtures giving an acidity less than Ph 6.0 will show 
the presence of Azotobacter, while all cultures very much more acid 
than Ph 6,0 will fail to show Azotobacter. 

(2) If sufficient calcium carbonate is added to a soil more acid than 
Ph 6.0 and not containing Azotobacter to reduce the hydrogen-ion con^ 
centration to less than Ph 6.0, the soil will support Azotobacter. 

(3) If sufficient acid is added to a soil less acid than Ph 6.0 and con- 
taining Azotobacter to increase the acidity to a point very much greater 
than Fn 6.0, Azotobacter will disappear from the soil, provided thia 
acidity exists for sufficient time to complete their destruction. 



OXIDATION OF SULPHUR BY MICROORGANISMS IN 
BLACK ALKALI SOILS ' 


By SCLMAN A. Waksman, Clara H. Wark, Jacob Jofpb, and Robert L. 
Starkey, Department of Soil Chemistry and Bacteriology, New Jersey Agricultural 
Experiment Station 


The accumulation of sodium carbonate in the soil (black alkali soil) 
brings about a condition in which the soil practically has to be abandoned 
as far as utilization for the growth of plants is concerned. Irrigation, 
whereby the carbonates are washed out from the soil, brings about a 
temporary and unsatisfactory relief. If the sodium carbonate could be 
converted into sodium sulphate (white alkali), much more satisfactory 
results could be\ontained, since, as pointed out recently by Vinson and 
associates (13),^ white alkali is readily and completely leachecf out from 
soil, while black alkali resists leaching. The use of sulphuric acid on 
alksili soil has been suggested by C. B. Lipman and Sharp (6 ) ; this acid 
was found to exert a favorable influence upon the soil by neutralizing the 
carbonate and improving the physical condition of the soil through 
flocculating the colloids. However, the sudden introduction of large 
quantities of acid into the soil may have an injurious influence upon the 
soil microflora. Elementary sulphur would prove, in this respect, of 
greater benefit, since, not only wpuld the injury to the soil microflora be 
less but the addition of small quantities of sulphur even may stimulate 
bacterial activities. 

J. G. Lipman (7) was the first to suggest the use of sulphur for alkali 
soil, in order that the acid formed from the oxidation of sulphur may 
reduce the alkalinity of the soil and transform the sodium carbonate into 
sodium sulphate. O’Gara (9), when applying sulphur and sulphiuic 
acid to soils, observed that there was a reduction of the carbonate and 
an increase in the sulphate content of the soil and a decided increase in the 
crop yield. Hibbard (3) demonstrated that by adding sulphur to alkali 
soil the alkalinity is neutralized, this effect being of great value in the 
reclamation of alkali land. Rudolfs (id) found on adding elemental 
sulphur, at the rate of i ,000 pounds per acre, that the reaction of the soil 
was reduced from Ph between 9.6 and 9.8 to Pn 9.3; with 2,000 pounds 
per acre, to Ph 9.2; with 3,000, to Ph 8.9; and with 3,500, to Ph 8.2. 
However, if black alkali soil is first leached, the use of 3,000 pounds of 
sulphur per acre will change the reaction of the soil from Ph 9.2 to Ph 7.7. 

Although some of the sulphur may be oxidized in the soil without the 
intervention of life, as pointed out by Kappen and Quensell (5) and 
others, it is primarily as a result of activities of certain microorganisms 
that the rapid oxidation of the elemental sulphur takes place in both 
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acid and alkaline soils. Two organisms have been isolated, which art 
responsible for this process. These two orgs^sms are dlififereiit in 
nature, in both their morphological and physiological characters: (i) 
ThiohacUlus ihiooxidans, isolated at this station from sulphur-soil com- 
posts and described in detail elsewhere (15), was found to be very active 
in oxidizing sulphur practically quantitatively in acid soils; and (2) 
Thiobacillus B isolated from alkaline soils on which the sulphur had 
been actively oxidized. The organism resembles in general morphological 
and physiological characteristics T. thioparus, studied by Nathanson (S) 
Beijerinck (i), and others, and occurs commonly in the soil. It grows 
readily in ^kaline media having^ a reaction equivalent to Ph 9.8 and 
oxidizes readily thiosulphate with an abundant formation of elementary 
sulphur. A detailed description of methods for the study of this organ- 
ism and its relation to the oxidation of sulphur in the soil are published 
elsewhere (14). No definite proof can, however, be given that T. B is 
absolutely pure and not contaminated with T. ikiooxidans or a related 
strain. 

In the experiment reported below, a black alkali soil from the 
University of California Ranch near Fresno, Calif., was used. Dr. 
Hoagland, of the University of California, who kindly supplied the soil, 
stated that “the physical condition of the soil was bad, the soil was 
extremely alkaline, and no ordinary growth of plants is supported.'* 
The reaction of the soil was about Ph 9 6 to 9.8. 

The soil was placed in loo-gm. portions in tumblers and the proper 
amount of sulphur was added and thoroughly mixed with the soil. Fifty 
mgm. of sulphur in 100 gm. of soil is equivalent to 1,000 pounds of 
sulphur per i acre of soil (2,000,000 pounds per acre basis). The proper 
quantity of water was added and the tumblers were incubated at 25® to 
28° C. in the dark. 

The reaction of the soil was determined by shaking thoroughly 5 gm. 
of soil with 10 cc. of water, centrifuging, then determining the hydrogen- 
ion concentration (Ph value) colorimetrically and in some cases electro- 
metrically. The sulphates were determined by shaking the soil with 
distilled water {2) in a shaking machine for 2 to 6 hours, then filtering 
clear and precipitating as barium sulphate. The carbonates and bicar- 
bonates were determined by the method outlined by Schreiner and 
Failyer (jj). 

Tables I and II show the course of reaction resulting from the oxidation 
of sulphur in alkali soil and tlie chemical transformations that have taken 
place as a result of these changes. 


TabItG I . — Course of sulphur oxidation in alkali soil 


Period of incubation. 

No 

sulphur 

added. 

50 rngm. 
sulphur 
per 100 
gm. soil 

100 mgm 
sulphur 
per 100 
gm soil 

300 mgm 
sulphur 
per 100 
gm soil. 

500 mgm. 
sulphur 
per 100 
gm. soil. 

X, 000 mgm. 
sulphur 
per zoo 
gm soil. 

30 days 

A 

9.6 

0 

a, 

Ph 

9. l 

Ph 

9.0 

8. 9 

8. 7 

42 days 

9.6 

9 4 

9.0 

8. 5 

7 * I 

6. 7 

63 days 

9.6 

9.4 

8.5 

7.8 

7. 6 

7. 0 

86 days 

9.6 

9*3 

8.6 

8. 0 

7. 2 

6.8 

105 days 

9.6 

9.1 

7 9 

7. 2 

6. 0 

4. 4 

t 6 j days 

9.6 

7-9 

7-4 

6.7 

S -7 

3 'S 



OxidcUion of S^phur in Block Alkali Soils 


299 


Tabls ll^^Trandormation of a black alkali soil into a white alkali ^ 



No 

sulphur 

added. 

50 mgm. 
sulphur per 
100 gm. soil. 

zoo mgm. 
sulphur per 
zoo gm. soil 

300 mgm. 
sulphur per 
zoogm soil. 

500 mgm. 
sulphur per 
too gm. soil. 

1,000 mgm. 
sulphur per 
zoo gm. soil. 

Indi- 

vid- 

ual 

tum- 

blers 

Aver- 

age. 

Indi- 

vid- 

ual 

tum- 

blers 

Aver- 

age 

Indi- 

vid- 

ual 

tum- 

blers. 

Aver- 

age. 

Indi- 

vid- 

ual 

tum- 

blers 

Aver- 

age 

Indi- 

vid- 

ual 

tum- 

blers 

Aver- 

age 

Indi- 

vid- 

ual 

tum- 

blers. 

Aver- 

age. 




7.8 


7 6 


6.4 


5 -S 


3.8 


Ph 

9.6 

9.6 

8 0 

■ 7.9 

7.1 

7.4 

7-0 

6.7 

S 5 

■ 5-7 

3.0 

3*5 




, 7 9 


7 4 


6.6 


6 . 3 


- 4.6 


Sulphates (milh- 

[ a6 

1 

77.6 


9 S-S 


158 0 


229.3 


636.3 


grams of S in loo 

{ a6 

t 27.2 

72.4 

• 75-8 

95 - S 

94-9 

172. 8 

■164.4 

■ 225 5 

■3X1. I 

436. 7 

447.7 

gm of soil). .. 

1 29-5 

i 

77-5 


93-6 


163. 4 


188.6 


3700 


Percentage of sul- 













phur oxidized 




97-2 


67.7 


67.6 


36.8 


42.03 

Carbonates (milli- 

47.2 


7-9 










grams of COs in 

■ 51.2 

■ 49*2 

5-9 

6.6 


0 


0 

0 


0 

0 

too gm of soil) . 

49 2 


5-9 










Bicarbonates (mil- 

tSa 


103 


(70 

1 

1 38 

1 

( 30 

] 


) 

ligrams of HCOs 

178 

177-3 

104 

•103 3 

{72 

>73 0 

{ 32 

7 34-7 


> 30 0 

{ ® 

7 3-3 

inzoogm of soil) 

17a 


104 


174 

1 

1 34 

1 

1 24 

J 

1 10 

j 


* Cultures incubated 167 days at as* to a?* C 


The results brought out in Tables I and II point out definitely* that 
not only is elemental sulphur oxidized readily to sulphuric acid, which 
results in the neutralization of the carbonates of the soil, but the reac- 
tion of the soil can be brought down to any desired point, depending 
entirely upon the quantity of sulphur added and the len^h of time 
during which the sulphur is allowed to be in contact with the soil. 

The next experiment deals with the oxidation of sulphur by pure and 
crude cultures of the sulphur-oxidizing bacteria in alkaline soil under 
sterile conditions. The soil was placed in loo-gm. portions in 250 cc. 
Krlenmeyer flasks; loo/ 200, and 500 mgm. portions of sulphur were 
added to the soil portions, which were then thoroughly mixed, then the 
optimum amount of water was added and the flasks were sterilized for 
lyi hours at 15 pounds pressure. The flasks were then inoculated by 
means of a sterile pipette, with 2 drops of the vigorously growing cul- 
tures and incubated at 25® to 28° C. Alkaline soils in which active sulphur 
oxidation had taken place were used as the crude alkaline compost. 
The results are given in Table III. 


Table III . — Oxidation of sulphur in alkaline soil by different bacteria 


Ouantity of 
sulphur used. 

j 

Type of culture. 

Incu- 
bated 
14 days. 

Incubated 30 days. 

Incubated 60 days. 

Pa 

Pa 

Carbo- 
nates 
m 100 
gm. of 
soil 
(mgm. 
of 

CO«). 

Bicar- 
bonates 
m 100 
gm. of 
soil 
(mjm. 

HCOs). 

Ph 

Carba ^ 
naU.. { 
in zoo 
gm of 
soil 
(mgm. 
of 

COO. 

Bicar- 
bonates 
in 100 
gm. of 
soil 

of 

HCOs). 

Sul- 
phates 
in zoo 
gm. of 
soil 
(ni^m. 

S). 

None 

Control 

9.6 

9.6 

49.0 

X 59 

0-6 

sa-S 

143 

30. 1 

zoo mgm ... 

Crude alkaline compost. 

7*7 

7-5 

0 

50.0 

7 7 

0 ! 

43 - S 

1 X 5 - S 

900 dff&l.k » A 

. , , . do 

7*4 

6.3 

0 

31.0 

5.6 

0 

8.5 

301.0 

sQoSlS:::.: : 

. ..do 

7.0 

4.9 

0 

15.0 

4-7 

0 

6.5 

254-8 

zoo mgm.., ...! 

ThiobactUus tktoosidans . 

9. a 

8.8 

8.0 

143.0 

8.6 

0 

86. 0 

109.4 

aoo mgm- 

do 

8.6 

9.0 

14.7 

127.0 

7 - S 

0 

53 * 0 

I 4 S -3 

500 mgm I 


8.6 

9.0 

5-8 

X18.0 

7-4 

0 

45-0 

160. 7 

loo mgm 

ThidhaciUus B 1 

8.8 

9.0 

29-4 

132 0 

8.8 ; 

0 

80.0 

78.3 

aoo mgm-rr- - T - - ' 

. . , . .do. j 

8. 2 

8.0 

18.5 

138. 0 

8.0 

0 

55-5 

1 x 8.4 

foomgm j 

....do 1 

1 1 

8.0 

7.8 1 

IS. 6 

*36.0 


0 

t 48.0 

123-3 
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The crude culture proved to be most efficient in oxidizing sulphur in 
alkaline soil to such an extent that the reaction has been reduced, where * 
sufficient sulphur has been used, from most alkaline to distinctly add. 
This was accompanied by a complete disappearance of the carbonates, 
an almost complete disappearance of the bicarbonates, and an increase 
in the quantity of sulphates. With loo mgm. of sulphur per loo gm. of 
soil, equivalent to i ton of sulphur per acre (on the basis of the upper 
6^ inches of soil), 85 per cent of the sulphur has been oxidized by the 
crude culture to sulphates within 60 days, and the reaction reduced from 
Ph 9.6 to Ph 7.7. When the quantity of sulphur was doubled, prac- 
tically the same percentage of sulphur (85.5) was oxidized in 60 days 
and the Ph changed to 5.6 Where a large excess of sulphur was used, 
or 500 mgm. per 100 gm. of soil, only 44 per cent of the sulphur was 
oxidized to sulphate, and the reaction of the soil changed to P^ 4.7, 
which would already prove injurious to certain crops because o| the 
excess acidity. The pure cultures did not prove quite as effective as the 
crude culture. This may be due to the fact that the oxidation of Sul- 
phur in alkaline soil is carried out not by one organism but by several 
organisms taking part in the process, as is shown by the experiments 
reported in Table IV, where a mixture of the two organisms is used. 
The acid soil used in these experiments is a Sassafras sandy loam, slightly 
acid in reaction. These experiments were carried out both under sterile 
and nonsterile conditions in tumblers. 


Tabi.E IV . — Oxidation of sulphur in acid and alkahne soils by pure and crude cultures 
of sulphur-oxidtzing bacteria 





Incubated 

Incubated 

Soil type 

Sterili- 

zation 

Organism. 

a I days. 

48 days 

oi soil.^ 

Ph 

Pb 



' 

• + 

Control 

6. 0 

5*8 

4 - 4 


. . do . . . .... 

5-2 


+ 

Crude, acid compost 

5 * 7 

3*8 


— 

. .do 

4 8 

3-8 



Crude, alkaline compost . . . 

5-4 

5*0 

Acid; 100 gm. of soil -f 100 
mgm. of sulphur. 

+ 

. . do 

Thiohacillus ihiooxtdans . . . 
do 

5-4 
5-6 
5 - 0 

4.0 

5*0 

3*8 


+ 

Thtobacillus B 

5.8 

5*4 


— 

do 

5-4 

4.0 


+ 

Thiobactllus thtooxidans + 

1 5-4 

3 * 4 



Thtobacillus B 



. — 

. . do 

4.8 

3*6 


+ 

Control 

9 6 

9. 2 




, do . . 

8. 8 

8 2 


+ 

Crude, acid compost 

9. 0 

8 2 


— 

.... do 

9. 0 

8.4 
7 * I 


+ 

Crude, alkali compost 

7. 5 


. . do. 

Thtobacillus thtooxidans 

. do 


Alkali; 100 gm. of soil -f 
200 mgm. of sulphur. 

+ 

7.6 
8.8 
8. 2 

i 7*3 

8.6 
8.0 


+ 

Thiobactllus B 

8 2 

7.8 


-- 

do 

8. 0 

7 * ^ 



Thiohacillus Ihiooxidans + 

7*8 

7. 6 



Thtobacillus B 





. ... do 

7.6 

7*4 


^ 4 * indicates that the flasks containing soil and sulphur were stenlized, at 15 pounds pressure, for tH 
hours: — soil unsterilized, in tumblers. 
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In th« add soil, oxidation of sulphur took place in the unsterilized 
containers whether inoculated or uninoculated, more so in the inoculated 
cultures, particularly where the Thiobacillus ihiooxidans was introduced. 
Ihis is due to the fact that the sulphur added, in nonsterile condition, 
probably has been inoculated previously from the laboratory air. 
However, when the soil and the sulphur are previously sterilized, oxi- 
dation takes place only to a very unappreciable extent, unless the proper 
sulphur-oxidizing organisms are introduced. In the alkaline soil, the 
most efficient results were obtained from inoculation with the crude 
alkaline culture, or alkaline soil, in which sulphur oxidation had taken 
place previously. The pure cultures, particularly the Thiobacillus B 
culture, which was almost inactive in the acid (sterilized) soil, proved 
more efficacious than the T. ihiooxidans; but a mixture of the two 
cultures proved nearly as efficacious as the crude alkaline composts. 

The fact that the change of the soil carbonates to sulphates would 
also favor plant growtli, which is found to be so in actual field results, 
was demonstrated in these experiments by the increase in the number 
of bacteria developing in the soil. The soils used in the experiment 
reported in Tables I and II were at the end of the experiment air dried, 
then again moistened and, after 5 to 6 days, the bacterial numbers were 
determined by the ordinary plate method. The alkali soil, to which 
no sulphur had been added, contained 320,000 bacteria per gram of 
soil; where 50 mgm. of sulphur had been added per 100 gm. of soil 
and the reaction changed to Ph 7.9, there were 665,000 bacteria per 
gram; 100 mgm. of sulphur, reaction Ph 7.4, 875,000; 200 mgm. of 
sulphur, reaction Ph 6.7, i,2 75,ocx); 500 mgm. of sulphur, reaction Ph 
5*7> 1,000 mgm. of sulphur, reaction Ph 3-5, no bacteria, 

only a few occasional fungi. In this case, the soil reaction has been 
made so acid as to completely kill off the bacteria. This danger, how- 
ever, could hardly be expected in the field, because no such large quan- 
tities of sulphur ( I per cent) would ever be employed. 

In the following experiment, the reaction of the soil was adjusted by 
the addition of sulphuric acid and sodium carbonate. The following 
amounts of acid and alkali were used to adjust the reaction of the soil : 


Untreated soil . 

5 cc Ar/2 Ha SO4 per 100 gm of soil . . . 

0.5 cc. Mjs NaaCOj, per 100 gm. of soil 

1.0 cc. MI2 NajCO’, per 100 gm. of soil . 

3.0 cc. MI2 NajCO;, per 100 gra. of soil 

7.0 cc M/2 NaaCO., per roo gm of soil . 

20.0 cc. Mf 2 NaaCOj, per 100 gm. of soil . 


Ph. 


5-6 

P 

6. 2 


6.4 

8.4 


One-gm. portions of powdered sulphur were added to each loo-gm. 
portion of soil in Erlenmeyer flasks; the flasks were well shaken, plugged 
with cotton, sterilized at 1 5 pounds pressure for i K hours, then inoculated 
with pure cultures of the organisms and incubated at 25^0. At the end 
of definite intervals of time the moisture content was brought up by 
the addition of sterile distilled water. The results are presented in 
Table V. 
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Tablz Vr^xidoHon of sulphur by pure cultures of bacteria at various reactions 




Pa value. 



Type of culture. 

Initial 
reaction 
of soil. 

26 days 
idter. 

30 days 
after. 

sodays 

after. 

(suMi^ 
in 100 m. 
of soil 
sodays* 
incubathm. 


5-2 

5.2 

5*3 

S ‘4 

Afirw. 

19.2 


5-6 


s-S 

5.6 

13.7 

Control 

5*8 
6. 0 

1 ® 

6. 0 

5.8 

5.8 

n 

II. 0 

*3.7 


6. 2 

6. 2 

6. 2 

6.2 

13.7 


8.4 

8.4 

8.2 

8.2 

21. 9 


S-2 

S-a 

3.4 

2.8 

3X5.1 


5-6 

5*4 

3-0 

2.8 



5-8 

5*6 

S-S 

5*5 

20. 6(?) 

Thiohacillus thiooxidans 

6. 0 

5.8 

3-0 

2. 6 

358.0 


6. 2 

5.4 

2.8 

2.8 

38a 0 


6.6 

6.6 

6.6 

3.0 

304.4 


8.4 

8.4 

8.2 

8.0 

27.4 


5-2 

5.3 

5.2 

5.4 

39*7 


5-6 

5.3 

5.2 

5.2 

20. 6 


5-8 

5*5 

5.5 

5.4 

21.9 

Thiohacillus B ^ 

6. 0 

6. 0 

5.5 

5.5 

X 5.2 


6. 2 

6. 0 

5-8 

5.4 

IQ. 2 


6.6 

6.6 

6.6 

6.4 

24.7 


8.4 

8.2 

8.0 

7.8 



5*2 

5.2 

3.4 

2.8 

302.5 


5-6 

3 - I 

2.8 

2. 6 

287.7 


5.8 

2.8 

2.8 

2. 6 

311. X 

r. thiooxidanS'^T. B < 

6 . 0 

2.8 

2. 6 

2. 6 

308.3 


6 . 2 

2.8 

2.8 

2. 6 

367.0 


6.6 

3 - I 

2,8 

2.8 

274.0 


, 8. 4 

8.2 

8 . 0 

7-4 



Both the reaction and the sulphur content of the control indicate 
that no sulphur or only traces of it were oxidized under sterile conditions. 
However, in the presence of the sulphur-oxidizing bacteria, the oxida- 
tion of the sulphur took place very rapidly, with the transformation of 
large quantities of sulphur to sulphuric acid. When the reaction of 
the soil was acid, the oxidation of the sulphur in 50 days was carried 
on entirely by Thiohacillus thiooxidans. Thiohacillus B oxidized only 
very small quantities of sulphur ; but, in the presence of both organisms, 
the speed of the reaction was hastened, as indicated by the measurements 
of the Ph values obtained in 16 days. This may be explained by either 
of two assumptions: (i) If we suppose a so-called “lag phase’' in bac- 
terial development, Thiohacillus B produces substances which appre- 
ciably shorten the “lag phase*’ of T. thiooxidans; (2) Thiohacillus B 
may oxidize the sulphur not directly to sulphates but to other compounds 
of sulphur, which are then rapidly oxidized to sulphates by T. thiooxidans. 
This is made clear in the study of the pure cultures of Thiohacillus B, 
with sodium thiosulphate as a source of energy, when a large part of the 
thiosulphate is transformed to persulphates, a part to elementery sul- 
phur, and only a part to sulphates. This preparatory function of the 
Thiohacillus B may explain a number of hitherto unexplained difficulties 
observed in the study of sulphur oxidation by microorganisms in the soil. 
Of these we need mention only a few. 




Apr. 98. tm Oxidation of Sulphur in Black Alkali Soils 303 

Nathanson (^), who first studied the Thiobacillus group, of which 
ThiobaciUus B (not T, thiooxidans) is a representative, stated that thio- 
sulphate is oxidized to sulphate and tetrathionate, with the production 
of free sulphur; however, on sodium sulphid agar plates, when free 
sulphur is formed abundantly in a nonbiological way, this sulphur is 
oxidized by the bacteria. The reaction proposed by Na^anson 
(3Na,^O,4-50=«Na2S40e4-2Na,SO4) could hardly be justified, particu- 
larly in view of the fact that the sulphur was supposed to be produced 
in a purely nonbiological way, by the interaction of the tetrathionate 
with the remaining thiosulphate, and was not supposed to play any 
part in the reaction. Beijerinck (i), who identified Nathanson’s organ- 
ism with his T. thioparus^ then suggested the following reaction: 

Na^SjOj 4- O * Na,S04 + S. 

But Jacobsen (4), who worked in Beijerinck's laboratory, found that 
the same organism oxidized elemental sulphur quantitatively to sulphate, 
which would again hardly justify Beijerinck’s formula, if the organism 
was the same. Trautwein (/.?), however, obtained the separation of 
elemental sulphur from thiosulphate only in crude cultures of the organ- 
isms; but, in pure culture, no separation of elemental sulphur was 
found. At the same time a large part of the thiosulphate was trans- 
formed to sulphate. At first he thought the following reaction to be 
justified : 

Na2S203-f' 40 + H 20 = Na2S04’4‘ H 2 SO 4 . 

In view of the fact that the reaction of the medium did not turn acid 
and that a large quantity of persulphate was formed, he finally con- 
cluded that the reaction takes place as follows : 

L 4Na2S203+i2 0=4Na2SA- 
II. 3Na2S203-f- 5 0=Na2^0e+ 2Na2S04. 

In the investigations carried on in this laboratory with pure cultures 
of Thiobacillus B, it was found that this organism transforms thiosul- 
phate into persulphate, sulphate, and elemental sulphur, with only a 
limited production of acid (Pn changed in culture solution from 9.8 to 
6,4 or 7.0). When T. ihiooxtdans is added to the culture solution, the 
elemental sulphur separated by the Thiobaiillus B is rapidly oxidized to 
sulphuric acid and the final reaction may go down from Ph 9.8 to 1.2 
as a result of the action of the two organisms. The culture solution 
used in this case consists of 5 gm. sodium thiosulphate, i gm. sodium 
bicarbonate, 0.2 gm. dipotassium phosphate, o.i gm. magnesium chlorid, 
o.i gm. ammonium chlorid, 0.25 gm. calcium chlorid, and 1,000 cc. of 
tap water. 

These discrepancies in the type of reaction that takes place when 
thiosulphate is acted upon by sulphur-oxidizing bacteria can be explained 
by the fact that different workers used different forms of a closely related 
group of organisms; in some cases the culture used possibly contained 
not one organism but a mixture of two or more organisms. Thiobacillus 
B, isolated in this laboratory and closely related, in its morphology and 
physiology, to T. thioparus and allied forms studied by Nathanson ((?). 
Beijerinck (i), Trautwein (12), and others (4), was possibly contaminated 
in some cases by T, thiooxidans^ which oxidizes actively elemental 
sulphur and is described by Waksman and Joffe (15). T. thioparus will 
act upon sulphur compounds under distinctly alkaline conditions, as in 



304 


Journal of AgricuUnral Research 


vtA, joav. No. 4 


culture media containing soluble carbonates or bicarbonates or blaclt 
alkali soil; the elemented sulphur will be oxidized only comparatively 
slowly, but, in the presence of T. thiooxidans this oxidation will 
rapidly hastened and the reaction quickly changed to any degree of 
acidity, depending merely on the quantity of sulphur used. 

The possibility of the participation of other organisms oxidizing sulphur 
or sulphur compounds in the soil, or in any way influencing the process^ 
in addition to the two mentioned, is not excluded. Neither is the possi- 
bility excluded that the oxidation of sulphur in alkaline soil is carried 
on chiefly by a strain of Thiobacillus thiooxidans which has adapted itself 
to alkaline conditions. While T. thiooxidans grows vigorously on arti- 
ficial media and does not deteriorate with age, Thiobacillus B rapidly 
deteriorates under cultural conditions and the very slow oxidation of 
sulphur by this organism, particularly in the latter part of the work, may 
be due to this phenomenon. 

SUMMARY 

(1) The use of sulphur in the presence of the proper sulphur-oxidizing 
bacteria will result in the transformation of black alkali soil to white 
alkali soil. 

(2) The final reaction of the soil depends on the quantity of sulphur 
used and the length of time which the sulphur is allowed to be in con- 
tact with the soil. 

(3) The oxidation of sulphur in black alkali soil is probably carried 
on by the agency of more than one sulphur-oxidizing bacterium. 

(4) In the presence of two bacteria, one of whidi can act upon sul- 
phur under distinctly alkaline conditions while the other rapidly oxid- 
izes sulphur under acid conditions, the speed of the reaction is greatly 
hastened. 
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^ PEACH ROSETTE, AN INFECTIOUS MOSAIC* 

W 

By J. A. McCuntock 

Plant Physiologist, Georgia Agricultural Experiment Station 
HISTORY OF THE DISEASE 

According to Smith* peach rosette was first noted in Georgia in i88i. 
By 1891 this disease had been reported from 22 counties in Georgia, from 
South Carolina, and from Kansas. Rosette was also reported as occurring 
on plums in Georgia and Kansas, and on almonds in Kansas. 

Since 1903, reports of the presence of rosette have come to the Plant 
Disease Survey, of the United States Department of Apiculture, from 19 
counties in G^rgia, i county in Alabama, 5 counties in South Carolina, 
4 counties in Tennessee, i county in West Virginia, 19 counties in Mis- 
souri, and 2 counties in Oklahoma. These records indicate that for the 
past 40 years rosette has taken its toll of trees, and that it has spread 
over a considerable area. 

IDENTITY OF THE DISEASE 

In 1890-91, Smith * conducted experiments in middle Georgia in^which 
he showed that peach rosette is an infectious disease. Of 125 seedling 
peach trees into which he inserted buds from a rosetted peach tree, 121 
developed rosette. 

In June, 1891, Smith* inoculated 37 Elberta peach trees with buds 
from a rosetted Kelsey plum. Two trees developed rosette and died in 
August, 1892. The other inoculated trees remained healthy. As a 
result of this experiment Smith said : 

The small per cent of cases to unions makes it necessary to repeat this experiment 
before it can be stated positively that the plum disease is identical with that of the 
peach and transmissible to it, as seems very probable from its appearance. 

In June, 1891, Smith * inoculated 104 Marianna plum trees by inserting 
buds from rosetted peach trees. After 16 months not a single case of 
rosette had developed on the Marianna plums, so he concluded: 

There is, therefore, good reason to believe that the Marianna plum is not subject to 
this disease. 

In June, 1891, 12 Marianna plum trees were inoculated by Smith * 
with buds from a rosetted Kelsey plum. On final examination in Novem- 
ber, 1892, the Marianna plums showed no signs of rosette. 

The presence of rosette in orchards at the Georgia Experiment Station, 
and in a number of commercial orchards in various sections of the State 
led to further study of this disease by the writer, beginning in 1919. As 
data presented by Smith * Indicated that fungi and microscopic bacteria 
were not the cause of rosette, the writer did not attempt to repeat this 
phase dl the work. 


* Accepted tor pubUcatkm Aug. 18, 19a*. 

* Surest, Snvin F. aduitionai. bvioum cs on thb goumunicabiuty of pbach YBt<u>w8 and pback 
BO pBrtB. BABt n. BBaob »o«BTTB. In U. S. Dept. Agr. Div. Vtg. Path. Bui. i. p. as-SA* sBgt. 

*Smtm, Bi'win F. thb peach bosbttb. In Jour. Mycol. v. 6. p. i4i**z48. pi. s-zj. zScs. 

* Suvm, Srttin P. APomoNAt. motbs on bbacb xosbttb. M Jour. Mycol.. v. y, p. 336-339. i 893 > 
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PEACH TO PEACH, PWM, AND APRICOT 

Experiment i. — In the spring of 1919, rosette appeared on one side 
of a six>year-old seedling peach tree in an experimental orchard at the 
station. The other side of this tree appeared normal throughout the 
summer of 1919. During this time buds from healthy peach, plum, and 
apricot trees were inserted into the new growth of the normal appearing 
branches. The plum buds failed to unite with the peach stock. The 
peach and apricot buds united with the peach stock, but remained 
dormant throughout the summer. In the spring of 1920, the branches 
of the seedling peach which showed rosette in 1919, did not produce 
leaves, and examination showed that they were desid. The branches 
which appeared normal in 1919 produced rosetted growth in the spring 
of 1920. The peach and apricot buds inserted in 1919 produced typic^ 
rosetted shoots showing that the causal entity had passed from the 
diseased peach stock to the buds. The apricot buds produced shoots 
from two to three inches in length and the leaves had the mottled appear- 
ance of a mosaic disease. The mottled appearance was not so striking 
on the peach leaves. The shortened internodal growth, together with 
mottling of the leaves of some hosts and the absence of microscpic 
bacteria, put peach rosette in the class of virus or mosaic diseases. This 
experiment indicated that both the peach and the apricot are hosts for 
rosette. 

PEACH TO PEACH * 

Experiment 2. — On June 10, 1919, buds from a healthy Elberta 
peach tree about 20 years of age were put in the new growth of two 
seedling peach trees about two years of age to serve as controls. On 
the same date buds from rosetted shoots of the seedling peach described 
in experiment i were put in the new growth of two pea^ seedlings the 
same age as the controls. On August 29, 1919, it was observed that 
the Elberta buds on the control trees had grown into healthy shoots* 
In one of the inoculated trees a diseased bud had developed a rosette 
of leaves, and below the point where this bud was inserted some of the 
buds of the stock had developed rosettes characteristic of this disease* 
In the other inoculated peach seedling the bud had remained dormant, 
but the buds of the stock immediately below the point of inoculation 
had developed typical rosettes. In May, 1920, it was observed that the 
two control trees were healthy and growing vigorously, while the in- 
oculated trees had become completely rosetted (PL i, A), 

PEACH TO APRICOT TO PEACH 

Experiment 3. — On Au^st 15, 1919, two buds from a rosetted twig 
of the peach tree described in experiment i were put into the new growth 
of a healthy Royal apricot, which was in its second year of growth. 
The peach buds remained dormant until the spring of 1920 when they 
developed into rosetted shoots. The lateral buds on the apricot branch 
below the point of inoculation also developed weak shoots, but the 
leaves did not have the typical rosetted appearance. The internodal 
growth, although longer than that of the rosetted peach shoot (PI. 2, A), 
was much less than that of healthy apricot trees growing near. Plate 
2, B, shows the stunted growth of this Royal apricot 12 months after inocu^ 
lation with peach rosette. While the growth is not typical of rosette as 
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it appears in the peach, the shortened intemodal growth, and the mot- 
tling of the leaves indicate that the causal entity had been transferred 
from the peach to the apricot. 

On September 2, 1920, two buds were taken from the rosetted Royal 
apricot and inserted in a j^ach seedling, growing in a pot in the green- 
house. These buds remained dormant until April, 1921, when t^y 
began to develop mottled leaves. The new growth of the peach seedling 
developed typical rosettes (PI. i, B). Both the potted rosetted peach 
seedling and the rosetted Royal apricot tree died during the summer of 
1921* 

Experiment 3 shows that the causal entity of rosette may be trans- 
ferred from peach to apricot, and from apricot to peach, proving that 
apricot and peach rosette are identical as far as causal entity is concerned*, 
but somewhat different in external manifestations of the disease. 

STUNTING OF APRICOT GROWTH BY ROSETTA 

Experiment 4. — In the spring of 1920 another case of natural infec- 
tion of peach rosette (PI. 3, A) developed in a 6-year-old seedling peach 
tree growing in the same orchard about 150 feet from the rosetted seed- 
ling described in experiment i. 

On June 19, 1920, buds from this second rosetted seedling peach* were 
insert^ into a branch of a one-year-old Moorpark apricot about a foot 
above the ground. By August 20, 1920, both of the peach buds had 
grown into rosetted shoots (PI. 5, B), but the stock showed symptoms of 
rosette only in the growth immediately below the inserted peach buds, 
where the apricot leaves became mottled. An apricot limb adjoining 
the one which was inoculated, made a growth of 4 feet and 4 
inches during the summer of 1920, and bore normal green leaves. There 
was no growth of lateral buds. On April ii, 1921, the lateral as well as 
the terminal buds on all the apricot brancies had produced mottled, 
greenish yellow leaves, in marked contrast to the normal green leaves of 
the near-by healthy apricot. This indicated that the causal entity of 
rosette had spread throughout the apricot tree. During the summer of 
1921 this Moorpark apricot tree grew very slowly, the maximum growth 
of any one branch being 5 inches. During the same time the near-by 
healthy apricot tree made a growth of 4 feet and 9 inches. Plate 3, B 
(taken in the fall of 1921) shows the inoculated apricot tree with a back- 
ground, at the left, in contrast to the healthy apricot tree at the right. 
An indication of the stunting effect of rosette is shown by the inoculated 
tree in which the maximum vertical growth of 4 feet and 4 inches made 
during the summer of 1920 represents normal growth; while the maxi- 
mum horizontal growth, 5 inches, represents development made during 
the summer of 1921 under the retarding influence of rosette. 

PEACH TO CULTIVATED PLUM 

Experiment 5. — On August 6, 1919, a bud from a healthy Blue Dam- 
son plum was placed in the trunk of a healthy peach seedling which came 
up in the spring of 1919. This plum bud made a few inches of growth 
during the summer of 1919, and in the summer of 1920, made a growth 
of more than 2 feet. Neithet the plum branch nor the peach stock 
showed any symptoms of disease up to June 19, 1920, when two buds 
froin the rosetted peach tree described in experiment 4, were inserted in 
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the Damson plum branch. The diseased peach bttds started growth 
within two weeks, producing typical rosetted shoots, but with somewhat 
larger leaves and more intemoaal growth than did similar rosetted buds 
on the diseased peach stock from which the buds were taken. During 
the summer of 1920, the plum buds just below the place where the peach 
buds were inserted, developed small rosettes of mottled leaves (PI. 4, A) 
indicating that the causal entity had passed from the diseased peach 
buds into the healthy Damson plum branch. None of the branches of 
the peach stock on which the plum was budded showed symptoms of 
rosette during the summer of 1920. The growth of the peach stock was 
so vigorous that a small copper wire, by which a label had been attached 
to the trunk in 1919, became embedded in the tissues of the stock, a few 
inches above the point where the Damson plum bud was inserted. In the 
spring of 1921, rosette developed in all growth of the Damson plum 
branch, and in all branches of the peach stock which grew from the trunk 
at points below where the copper wire was embedded in the tissues. 
None of these rosetted branches set fruit, though a few produced weak 
blossoms. All of the branches which grew from the trunk above where 
the wire was embedded produced normal leaves and blossoms which set 
numerous fruits. By July, 1921, the leaves on this tree began to wither, 
and by August 20 the tree was practically dead (PI. 4, B). No S)mp- 
toms of rosette appeared on the tree above the embedded wire, and the 
leaves and fruits shriveled and clung to these branches for some time 
after the tree w&s dead. The fact that no symptoms of rosette appeared 
above the embedded wire supplies additional data as to the tissues 
through which the causal entity progresses, and is being further investi- 
gated. 

In this experiment rosette was transferred from the peach to the plum, 
and back to the peach, indicating that peach and plum rosette are iden- 
tical. 

Rosette has also been transferred from peach to Red June plum by 
means of infected buds. 

PEACH TO WILD PEUM TO PEACH 

Experiment 6. — On September 22, 1920, buds from a rosetted May- 
flower peach, 7 years old, which developed as a natural infection in one 
of the station orchards in the spring of 1920, were put in two wild 
Chickasaw plum trees, growing in a fence row on the station. These 
buds remained dormant until the spring of 1921, when both the peadh 
buds and the plum stock developed rosetted shoots. The inoculated 
plums (Jl. 4, C) grew more slowly than the surrounding healthy plum 
trees during the summer of 1921. The appearance of the rosetted wild 
plum is not so striking as that of a rosetted peach, because the plum is 
naturally of dwarfed growth. The wild plum, being of no economic 
importance, grows in waste places without coming under the close obser- 
vation of man; therefore one or more rosetted wild plum trees might 
easily be an unobserved source of infestation to surrounding orchards. 

On May 23, 1921, buds from the rosetted wild Chickasaw plum were 
inserted in the new growth of a 2-year-old seedling peach. During the 
summer one of these plum buds moduced a rosetted i^oot about an 
inch in leng^, but no symptoms 01 rosette appeared in the peach Stock 
up to the time it was defoliated by frost. In the spring of 1922 this 
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peach seedling showed rosette in all new ^owth (PI. 5, A). Peach 
seedlings into which healthy plum buds were inserted in 1921 showed no 
symptoms of rosette in the new growth of 1922. 

This indicates that the casual entity of rosette may readily be trans- 
mitted from peach to wild plum, and from wild plum to peach. 

Rosette has also been transmitted from the wild Chickasaw plum to 
the Red June plum by means of infected buds. 

. PLUM TO PKACH 

Experiment 7. — A natural infection of a Ma3mard plum developed in 
an orchard on the station in the spring of 1920. By June 15, 1920, most 
of the lateral buds had grown into rosetted shoots from i to 3 inches 
long; and by August, 1920, this tree (PI. 6, B) had made very little new 
growth as compared with a near-by healthy plum tree (PI. 6, A). On 
June 18, 1920, buds from this rosetted plum tree were put into a healthy 
seedling peach tree in its second season's growth. Buds from a healthy 
plum were put into another peach seedling to serve as a control. On 
August 18, 1920, it was observed that some of the rosetted Maynard 
plum buds put into the peach seedling had produced shoots several inches 
long. Below the point where the diseased buds were inserted the 
peach buds had developed rosetted shoots (PI. 6, C). The disease con- 
tinued to spread in this peach seedling during the rest of the season of 
1920, and when new growth started in the spring of 192 1 this tree showed 
rosette in all parts. It died before midsummer. One of the control 
buds produced normal leaves (PI. 7, A) and the peach stock on which 
it was growing was alive and healthy in the fall of 1921 when it was 
removed to make room for other experimental work. 

This experiment indicates that rosette originating in the cultivated 
plum may be transmitted to the peach. 

PEACH TO MARIANNA PLUM 

Experiment 8. — On June 18, 1920, buds from the rosetted peach 
seedling described in experiment 4 were put into a healthy Marianna 
plum branch, near the base of the tree. One bud started growth within 
two weeks and produced a rosetted shoot (PI. 7, B) with larger leaves 
and longer intemodal growth than rosetted shoots on peach stocks. No 
signs of rosette appeared on the Marianna stock during the summer of 
1920. After becoming dormant in the fall of 1920, this Marianna plum 
was transplanted to a large pot and placed in the greenhouse. In the 
spring of 1921 the peach shoot developed rosetted leaves, but continued 
to grow throughout the summer. The Marianna plum stock developed 
normal leaves on all of its branches, which grew rapidly throughout 
summer. This Marianna plum (PI. 7, C) had been under observation 
in the greenhouse during the winter, and up to May i, 1922, it showed 
no symptoms of rosette. The rosetted peach shoot continued to grow 
slowly. When rosetted peach buds were put into a susceptible host, 
as peach, apricot, or ordinary cultivated plums, they died within 12 
months. On the resistant Marianna plum stock the rosetted peach bud 
grew into a shoot which at the time this paper was written had lived for 
22 months. This indicated that the resistant stock exerted a marked 
influence on the virulence of the causal entity of rosette in the peach 
scion. 
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PLtTM TO KARIANKA PLUM 

Experiment 9. — On June 18, 1920, buds from the rosetted Maynard 
plum described in experiment 7 were put into a Marianna plum branch, 
near the base of the tree. By September 18, 192P, one of the diseased 
buds had produced a rosetted shoot 8 inches in length with three branches 
from 3 to 5 inches in length (PI. 8, A). This rosetted Maynard plum 
branch made considerably more growth on the Marianna stock than 
similar buds made on the susceptible Maynard stock, but the growth 
was decidedly rosetted and the leaves were mottled yellowish green. 
The Marianna stock grew vigorously throughout the summer of 1920 and 
showed no external S5miptoms of rosette. 

Buds from a healUiy Mayflower peach tree were put into the new 
growth of the Marianna stock on which the rosetted Maynard plum 
shoot was growing on September i8, 1920. These peach buds remained 
dormant until the spring of 1921, when two buds grew into healthy 
peach shoots. The Marianna plum branches and the Mayflower peach 
shoots made a vigorous growth during the summer of 1921, which 
showed no symptoms of rosette. The Maynard plum shoot made some 
growth during the summer of 1921, but at all times it had the charac- 
teristic symptoms of rosette. In the spring of 1922 the Marianna plum 
stock and the two Mayflower peach shoots (PI. 8, B) developed normal 
leaves in contrast to tie rosetted Maynard plum branch. 

This experiment gave additional evidence that the Marianna plum is 
not susceptible to rosette. It also indicated that the causal entity of 
rosette does not pass from a host, such as the Maynard plum, through 
the tissues of the resistant Marianna plum stock to another susceptible 
host, as the Mayflower peach, 

PEACH TO MAZZARD CHERRY 

Experiment 10. — On June 19, 1920, buds from the rosetted peach 
tree described in experiment 4 were put into a healthy Mazzard cherry 
seedling about i year of age. On the same date buds from a healthy 
Elberta peach tree were put into a near-by Mazzard cherry tree of the same 
age to serve as a control. One of the rosetted buds united with the cherry 
stock and made a very feeble growth of rosetted leaves. The healthy 
buds united with the cherry stock but remained dormant. During the 
summer of 1920 the inoculated cherry stock grew slowly as compared 
with the control tree. The leaves of the inoculated tree became yellow- 
ish green and the new growth was small and in tufts similar to rosettes 
of peach leaves. The inoculated cherry stock developed leaves from 
both lateral and terminal buds in the spring of 1921, giving the new 
growth a decidedly rosetted appearance, especially at the ups of the 
branches. Ihe control cherry stock produced vigorous new growth from 
the terminal buds. Very little growth was made by the diseased cherry 
tree during the summer of 1921, as shown by the sm^ler and more 
rolled leaves compared to those of the healthy control tree. The healthy 
Mazzard cherry control tree matured its buds and became dormant dur- 
ing the fall of 1921, while the diseased cherry tree attempted to make 
new growth from the terminal buds throughout the winter. By April 
25, 1922, the inoculated tree (PI. 9, A) was much stunted and had the 
appearance of being in an advanced stage of rosette, while the control 
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tree (PI 9, B) showed no symptoms of rosette and had made a vigorous 
growth. 

This experiment indicates that the causal entity of peach rosette may 
be transmitted to Mazzard cherry and may produce symptoms similar to 
but not exactly the sam^ as rosette of the peach. In the case of the 
Mazzard cherry there is evidently some resistance to the causal entity of 
rosette, for the infected cherry tree was alive June i, 1922 (when this 
paper was written), 23 months after showing symptoms of rosette. 
Rosette has also been transmitted to two additional Mazzard cherry 
trees by means of infected peach buds. 

WII/D PLUM TO BITTER ALMOND 

Experiment i i . — ^Through the courtesy of members of the California 
Agricultural Experiment Station, fresh seed of Bitter almond, and 
Texas Seedling almond were obtained and planted in the greenhouse 
on November 24, 1920. During April, 1921, some of the young almond 
trees were transplanted to the nursery. On May 23, 1921, buds from 
a rosetted wild Chickasaw plum (used in experiment 6) were put into 
two Bitter almond seedlings in the nursery. Three uninoculated trees 
of the same variety served as control. The plum buds united with the 
almond stocks and during the summer of 1921, one grew into a rosetted 
shoot about 6 inches long. Almond buds on the stock below the point 
where the rosette plum buds were inserted grew into small rosetted shoots 
which died during the winter. By May 24, 1922, the new growth of this 
inoculated tree was stunted (PI. 10, A), and the leaves were yellowish 
green. The other inoculated tree had shown no marked symptoms of 
rosette a-t the time this paper was written. The adjoining uninoculated 
trees made a vigorous growth in the spring of 1922 and showed no symp- 
toms of rosette. 

This experiment indicates that the Bitter almond is susceptible to 
rosette. 


APRICOT TO BITTER ALMOND AND TEXAS SEEDLING ALMOND 

Experiment 12. — On April 18, 1921, buds from the rosetted Royal 
apricot of experiment 3 were put into one Bitter almond and one Texas 
^edling almond growing in pots in the greenhouse. The buds united 
with the almond stocks, but made very little growth during the summer 
of 192 1 . Lateral buds on the two almond stocks, below the points of inoc- 
ulation, developed small rosetted shoots indicating that the causal 
entity had been transferred from the rosetted apricot to both Bitter 
almond and Texas Seedling almond. Uninoculated almond trees of the 
two varieties growing in near-by pots remained healthy. In the spring 
of 1922 the inoculated trees became rosetted in all parts; the growth 
was stunted and the leaves were yellowish green. The uninoculated 
trees made a vigorous growth, however, and bore healthy green leaves. 

This experiment proves that both the Bitter almond and the Texas 
Seedling almond are susceptible to rosette. 

ALMOND TO PEACH 

Experiment 13. — On February 2, 1922, buds were taken from the 
rosetted Bitter almond and Texas Seedling almond of experiment 12 
and inserted in healthy peach seedlings growing in pots in the greenhouse. 
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One of the Bitter almond buds had produced a much branched shoot 
about i6 inches long by June i, 1922, the leaves of which were more 
tufted in growth than those of healthy Bitter almonds. Hie pea^ 
shoots which grew from the stock below the point of inoculation had 
developed an upward rolling of their older leayes and most oi the lateral 
buds had produced small rosettes of yellowish green leaves {PI. 10, B). 

The Texas Seedling almond buds remained dormant and up to June, 
1922, the peach stock into which they were inserted had shown no 
symptoms of rosette. Peach seedlings budded to healthy almonds have 
remained healthy up to June i, 1922. 

This, together with the foregoing experiments, indicates that peach, 
apricot, plum, and almond are susceptible to rosette and that in all 
cases the causal entity is the same. 


son. TRANSMISSION OF ROSETTE 

Experiment 14. — Natural infection of rosette has been observed by 
the writer in Georgia on peach trees from 2 to 8 years of age. Where 
rosette develops in an orchard of young trees the question arises as to 
the advisability of setting a healthy tree in the place from which a dis- 
e^ed tree has been removed. It has been proved by Smith ^ that infec- 
tion may be produced through inoculation of peach roots, so it seemed 
advisable therefore to test soil transmission. 

Two 6-year-old peach trees, which had developed rosette in the 
spring of 1919, were dug up September 5 of the same year and removed 
from the orchard. Early in January, 1920, a healthy i -year-old peach 
tree on peach stock was set in each hole. No attempt was made to re- 
move fragments of roots left from the rosetted trees. The two trans- 
planted trees made satisfactory growth during the summers of 1920 
and 1921 showing no symptoms of rosette. This indicates that one 
may safely set a healthy tree in a place from which a rosetted tree has 
been removed. 


THE TRANSMISSION OF ROSETTE BY MEANS OF SAP FROM DISEASED 

TREES 


In rosette of the several species of Prunus there is a shortening of 
internodal growth and in some cases mottling of the leaves similar to 
mosaic diseases of vegetable and field crops. Numerous inoculations 
have been made in various parts of susceptible species of Prunus using 
methods known to be successful in transmitting mosaics of other plants. 
In no case has rosette been produced by transfers of sap from rosetted to * 
healthy trees, but experiments along this line are being continued. The 
results obtained thus far confirm data presented by Smith® to the effect 
that under artificial conditions rosette is transmitted only when an 
organic union takes place between infected tissues, and tissues of a sus- 
ceptible host. Thus in experiments conducted to date, rosette differs 
from other mosaics in the method of artificial transmission, indicating 
that the causal entity is somewhat different from that of other mosaics* 


• cSuS* §23- §• NOT«s ON PEACH HOSBTtB. In Jouf. Mycol., V. 7 , p. aad-asa. l8ot. 

•Smith, Erwin F. the peach koshxte. /*» Jonr. Mycol., v. 6, p. 1^-148, pi. ^,3. ,89!. ^ 
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NATURAL TRANSMISSION OF ROSETTE 

The development of rosette in trees, often at a considerable distance 
from' any known source of infection, indicates that winged insects or 
birds may be associated with natural transmission of this disease. 

Various insects are found associated with rosetted trees, the most 
abundant being the black peach aphis, Anurapkis persicae niger Smith. 
Numerous tests have been made by removing insects, including several 
species of beetles and leafhoppers from various parts of rosetted trees, 
and caging them on healthy peach and plum trees. In no case has 
rosette developed. At various times throughout the growing season for 
the past two years, numerous black peach aphids have been transferred 
from rosetted peach and plum trees to healthy peach, plum, cherry, 
apricot, and wild plum trees growing in cages. The colonies of aphids 
increased rapidly in size showing that they were under favorable condi- 
tions. In no case did rosette develop as a result of these aphid transfers. 
These tests indicate that the causal entity of rosette is not readily trans- 
ferred by the types of insects which are known to carry mosaic virus of 
other plants. 

The writer is of the opinion that further study will disclose the fact 
that an animal, other than man, is responsible for the dissemination of 
the causal entity of rosette. Therefore observations along this line are 
being continued. 

SUMMARY 

The data obtained from the foregoing experiments verify the findings 
of Smith to the effect that rosette is readily transmitted from peach to 
peach by infected buds. 

Rosette has also been transmitted to two varieties of apricots, two 
varieties of cultivated plums, one wild plum, one cherry, and two varieties 
of almonds by means of infected buds. 

On some hosts rosette produces a mottling of the leaves similar to 
mosaics. 

The Marianna plum is immune to rosette. 

Limited tests indicate that rosette is not soil-transmitted. 

Numerous attempts to transmit rosette by means of sap from diseased 
trees has proved unsuccessful. 

In a large number of transfers of various types of insects from rosetted 
trees to healthy susceptible hosts, not a single case of rosette was trans- 
mitted. 




PLATB X 

A. — A a-year-old peach tree into which buds from a rosetted peach were inserted 
June lo, 19x9. Note the appearance in May, 1920, with all growth rosetted. 

B. — ^The peach seedling into which buds from a rosetted Royal apricot were inserted 
September 2 , 1920. Note the appearance in the summer of 1921, with all growth 
rosetted. 
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A. — A Royal apricot tree into which buds from a rosetted peach were inserted 
August 15, 1919. Note the rosetted peach shoot, and the stunted growth of the apricot 
shoots, made in 1920. 

B. — ^The Royal apricot tree inoculated with peach rosette August 15, X919, Note 
the stunted appearance of the whole tree on September a, 1920. 



PLATE 3 

A. — A 6-yeaf-old peach tree which developed a natural infection of rosette in the 
spring of 1920. Note the rosetted growth on tne left in comparison with the apparently 
normal growth of two limbs on the right. During the summer of 1920 this tree 
developed symptoms of rosette in all parts. 

B. — ^To the left, with a backspround, the Moorpark apricot shown in Plate 5, B, 
which was inoculated with peadi rosette, Jime 19, 1920. Note the stunted growth 
of this tree in the fall of 1921, in comparison with the healthy apricot tree, to the rights 
without a background. 
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PLATE 4 

A. — ^The Blue Damson plum branch into which rosetted peach buds were inserted 
June 19, 1930. Note the rosetted and mottled plum leaves just below the rosetted 
peach moots. 

B. — ^The peach seedling which was infected with rosette through a Blue Damson 
plum branch inoculated with buds from a rosetted peach. The arrow at a» shows 
the point on the peach stock from which the plum branch grew from a healthy 
bud inserted in 1919. The arrow at 6, diows the location of the embedded copper wire 
above which the causal entity of rosette did not go. Note the condition August so, 
19S0, with the leaves and fruits shriveled and dying. 

C. — One of the wild Chickasaw plum trees into which rosetted Mayflower peach 
buds were inserted September ss* 1920. Note the stimted growth and the rosetted 
condition of this plum tree on September 2, 1921. 



PLATE 5 

A. — A seedling peach into which buds from a rosetted wild Chickasaw plum were 
inserted May 33, 1921. Note the completely rosetted condition of the peach seedling 
in May, ig2a, 

B. — A Moorpark apricot into which buds from a rosetted peach were inserted June 
19, 1920. Note the rosetted shoots produced by the peach buds at b, and the apparently 
heal^y growth of the apricot. 




Peach Rosette, an Infectious Mosaic 


Plate 6 



Journal of Agricultural Research 


Washington, D C 



PIRATE 6 

A. — A healthy plum tree lowing the vigorous growth made by August, 1930. 

B. — Ihe Maynard plum which developed rosette in the spring of 1920. Note^the 
stuntedgrowth and rosetted leaves which developed by Au^st, 1920. 

C. — ^Tne peach seedling into which rosetted Maynard plum buds were inserted 
June 18, 1930. Note the rosetted plum ^oot which develof^d from one of the buds, 
and the rosetted peach shoots which developed as a result of inoculation with infected 
plum buda. 



PLATE 7 

A. — ^Thc peach tree into which healthy plum buds were inserted June x8/ 1920, to 
serve as a control. Note the healthy growth of the peach stock, and of one plum tmd 
(indicated by the arrow). 

B. — The Marianna plum tree into which buds from a rosetted peach seedling were 
inserted June 18, 1930. Note the rosetted shoot produced by one of the peach buds. 

C. *~The Marianna plum tree, ^own in B, after another season’s growth. Note the 
vigorous, healthy growth of the Marianna stock in contrast to the stunted growth of the 
peach ^oot at o, with small rosettes at the tips of the branches. 
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PLATE 8 

A. — The Marianna plum tree into which buds from the rosetted Maynard plum 
were inserted June r8, 1920. Note the vigorous growth of the Marianna branches in 
contrast to the rosetted shoot, at the right, produced by one Maynard bud after three 
months’ growth. 

B. — The Marianna plum stock (same as in A but from the opposite side of the tree), 
showing the healthy ^owth of the two Mayflower peach shoots at a, in contrast to the 
stunted, rosetted Maynard plum shoot at b. 

3Q618'~— 23 " •'* 4 



PLATE 9 

A. — ^The Mazzard cherry stock into which buds from a rosetted peach seedling were 
inserted June 19, xqzo. Note the stunted growth and rosettes of leaves. 

B. — The Mazzard cherry stock of the same age as A, into which healthy Elbcrta 
buds were inserted as a control. 
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PLATK lo 

A. — Bitter almond seedlings growing in the nursery. Note the stunted growth of 
the tree to the left with a rosettcd plum shoot near the base, on May 24 , 1922. This 
tree was inoculated May 23, 1921, with infected wild Chickasaw plum buds. The 
un inoculated seedlings to tlie right are healthy, and growing vigorously. 

B. — A seedling peach tree into which a bud from a rosetted Bitter almond was 
inserted February 2, 1922. Note the much branched and tufted growth of the almond 
shoot which developed from the diseased bud. All the peach shoots which have 
developed below the point of inoculation have upward rolled leaves, and the lateral 
and terminal buds have produced small rosettes of yellowish green leaves. 




TOXICITY AND ANTAGONISM OP VARIOUS ALKALI 
SALTS IN THE SOIL* 


By F. S. formerly Director, M. D. Thomas, Associate in Agronomy, and D. W, 

Pittman, Instructor in Agronomy, Utah Agricultural Experiment Station^ 

In the studies of soil alkali which have been carried out at the Utah 
Station (4, 5) * during the past 10 years, a large number of the factors 
which influence the toxicity of most of the commonly occurring alkali 
salts have been correlated. It has been frequently noticed, however, 
that the toxicity of a mixture of salts in a soil seems to be the sum of the 
separate toxicities of the constituents of the mixture, and since these 
observations are at variance with the marked antagonistic action of the 
same salts in solution cultures a more detailed study of this question has 
been undertaken. 

The experiments described in this paper were planned to show the 
influence on plant growth of adding other salts, as well as acids and 
manure, to a soil already impregnated with sodium carbonate. The 
possibility of finding a marked antagonism between some of these added 
substances and “black alkali” was an incentive to make the scop)e of the 
investigation as broad as possible. Since the results from this point of 
view, however, are largely negative the data are presented as a contri- 
bution to the literature on the toxicity of mixtures of alkali salts. Some 
preliminary work has also been done on soils impregnated with sodium 
chlorid and sodium nitrate instead of sodium carbonate. 

REVIEW OF THE LITERATURE 

Experiments conducted by Kearney and Cameron (6) were among the 
first to show the ameliorating effect of adding a second alkali salt to a 
solution which was already toxic to plants. In their work the plants 
were germinated while not in contact with the alkali salts, and the roots 
were then held in the solution for 24 hours. The toxicity of the solution, 
was determined by slight injury to the root tips. The toxic concentra- 
tions were not proportional to the concentrations which absolutely pre- 
vented growth of the plants, and the toxicity of the salts exchanged 
places somewhat when the absolute rather than the minimum check in 
growth was considered. Very small quantities of salts caused slight 
injury to the roots. The addition of a second cation to a toxic solution 
was found to reduce the toxicity of the solution more than the addition 
of a second anion. Sodium in most combinations greatly weakened the 
toxic action of magnesium. Calcium, especially in the form of the 
sulphate, markedly counteracted the injurious effect of either sodium or 
magnesipm ions. Calcium sulphate was much more beneficial to the 
sulphates of sodium and magnesium than to their chlorids. A very 


* Accepted for publication July ii, i9»i. , .... 
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effective neutralization of sodium carbonate injury was found when 
calcium chlorid was added to the solution. 

The work of Miyake(j/) with rice in cultures of magnesium sulphate, 
magnesium chlorid, calcium chlorid, sodium sulphate, and sodium 
chlorid showed that while N/io solutions of the individual salts were 
toxic, when two of these solutions were mixed in certain proportions 
the toxic effect was more or less neutralized. The greatest neutraliza* 
tion of toxicity was observed when calcium chlorid was added to mag- 
nesium sulphate or chlorid. Some antagonism was also noticed between 
chlorids and sulphates of sodium and magnesium, as well as between 
potassium chlorid and magnesium or calcium chlorid. In a study of 
the antagonism between sodium and potassium, the salts — sodium 
nitrate, potassium chlorid, potassium nitrate, sodium chlorid, potassium 
sulphate, and sodium sulphate — ^were used. The antagonistic action 
of the cations on each other was much greater than that of the anions. 
The greatest antagonism between sodium and potassium usually oc- 
curred when one part of one N/io solution was mixed with four parts 
of another. 

Osterhout(i2) found that antagonism between sodium chlorid and 
potassium chlorid was gieater when one of the salts predominated in 
the solution than when both were present in nearly equal quantities. 
Small quantities of ammonium chlorid, magnesium chlorid, or calcium 
chlorid reduced the toxicity of either potassium chlorid or sodium 
chlorid, but with calcium chlorid even larger quantities were beneficial. 

Kearney and Harter(7) tested the tolerance of eight different kinds of 
plants to solutions of sodium and magnesium salts and found that cal- 
cium sulphate greatly diminished the toxicity of the salts, especially 
magnesium. Calcium sulphate changed the order of toxicity of the 
solutions. 

Hansteen(3), working with wheat seedlings, has found that calcium 
compounds exert a beneficial effect on the toxicity of solutions of alkali 
salts. 

A comparison of soils and solutions by Harris(4) showed the antago- 
nism between the common alkali salts to be more pronounced in solu- 
tion cultures of wheat seedlings than in loam soils. In fact the only 
consistent case of antagonism observed in soil seems to have been with 
the nitrates of potassium, sodium, and magnesium at 4,000 parts per 
million (4, />. 46). 

Some of the most positive antagonistic results in soils have been 
secured by measuring the activity of soil bacteria. By this means it 
has been shown by different experimenters that there is antagonism 
between anions as well as between cations of the salts common in alkali 
soils. This work has been so well summarized in a paper by Greaves(a) 
that the reader is referred to this publication for a review of this phase 
of the subject. 

Experimenting with barley growing on a clay-adobe soil, Lipman and 
Gericke(<^) found antagonism between sodium chlorid and sodium sul* 
phate and between sodium chlorid and sodium carbonate in the second 
crop, though there was no antagonism shown between these salts in the 
crop grown soon after the salts had been added. A slight antagonism 
was noticed between sodium carbonate and sodium sulphate in the 
first crop. A marked antagonism between sodium sulphate and cal- 
cium suli^ate was apparent in both the first and second crops. 
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To discover tlie possibilities of applying the principles of antagonism 
to the correction of alkali as found in field soils, Lipnian and Sharp( jo) 
secured natural alkali soil containing 6400 parts per million of water* 
soluble salts of which 4,590 parts per million were sodium chlorid, 980 
parts per million sodium sulphate, and 830 parts per million sodium 
carbonate. Adding 119 parts per million of sulphuric acid to this soil 
was found to be especially beneficial to the growth of barley; and up to 
451 parts per million, the highest quantity tried, this acid was helpful. 
Calcium sulphate at the rate of 670 parts per million, ferrous sulphate 
at 324 parts per million, and manure at 3,240 parts per million all ma- 
terially improved the crop- producing power of the soil. Copper and 
sodium sulphates at the rate of 65 and 130 parts per million, respec- 
tively, were harmful to the crop. 

Lipman and Gericke(9), growing barley on a clay-adobe soil, found 
that copper and zinc reduced the toxicity of sodium chlorid, sodium 
sulphate, and sodium carbonate. Marked antagonism was also noticed 
between these salts, especially between copper sulphate and sodium 
chlorid when applied to a sand soil. 

Caldwell (/) found no antagonism between sodium chlorid and any 
one of the chlorids of calcium, magnesium, potassium, copper, or am- 
monium, with the possible exception of ammonium and magnesium in 
certain proportions, when he grew com in quartz sand. Potassium and 
sodium were always more toxic together than when only one was present 
at a given strength. Adding either calcium chlorid or copper chlorid 
to sodium chlorid appeared to ameliorate the injurious effect of the 
latter by diluting the solution rather than by counteracting the harmful 
effects of the sodium salt. 

EXPERIMENTAL WORK 
METHOD 

The experiments here reported were conducted in glass tumblers con- 
taining the equivalent of 200 gm. of dry soil and the optimum amount 
of moisture. Wheat was the crop grown. The requisite quantity of 
sodium carbonate in 10 per cent solution was added to five 7-kilo portions 
of air-dry soil, and each portion was mixed separately by forcing it 
through a fine sieve twice. They were then placed together in a large 
can and shaken thoroughly at intervals for several days before being used. 
This method of mixing gave a very satisfactory distribution of the car- 
bonate, as was shown by analyses of a large number of samples taken 
from different parts of the can. To the soil for each tumbler the other 
materials were then added, in solution whenever possible, together with 
the necessary water, and the soil was thoroughly mixed on a piece of 
oilcloth. Ten kernels of wheat were planted in each vessel. The surface 
of the soil was covered with a thin layer of a mixture of 50 per cent 
paraffin and 50 per cent petrolatum to prevent surface evaporation. 
A short glass tube extending to the center of the soil mass from the 
surface permitted the addition of water as it was needed to keep the 
weight of the tumbler constant. The mulch was very effective, and it 
was therefore possible to avoid altering the uniformity of the distribu- 
tion of the soluble material through irrigation — ^at least until the plants 
were fairly large — ^as the weight of the tumbler did not change appreciably 
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at first The plants which canie up were counted daily and evttty lour 
or five days their height was recorded also. At the end Of ai days 
they were measured for the last time, cut off at the surface of the ground, 
and dried to constant weight at ioo° F. Ifeta were thus secured on the 
days to germinate, the average height, and the dry weight of the plantn» 
Most of the discussion in this paper, however, will be based on the dry 
weight which is perhaps the most reliable index of growth. 



Fio. I. — Dia^axn showing the arrangement of the tumblers in the preliminary experiments. A tmilorm 
concmtration of sodium carbonate was present in all the tumblers, and an equal total quantity of the 
sulphates was added to each in the relative proportion indicated by the shading. 


PRELIMINARY EXPERIMENTS 

During the summer of 1919 some preliminary work was done on this 
problem. The technic of the experiment was essentially the same as 
that described above, except that no mulch was used and the preliminary 
mixing of the carbonate with the soil was not quite so thoroughly done. 
The tumblers were arranged in a triangular formation consisting of 66 
glasses. AJl contained a single concentration of sodium carbonate 
together with sodium sulphate, calcium sulphate, .and sulphuric acid 
in the different concentrations represented in figure i. The total con- 
centration in parts per million of the added sulphates was always the 
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saiae as &at of the carbonate, but there were 10 different quantities 
of each individual sulphate in the triangular grouping. In addition, 
there were 12 extra tumblers containing the four added substances 
alone, at their maximum concentrations. A “trial" consisted of 10 
of these treatments in which the quantity of carbonate and sulphates 
added raided from 1,000 to 10,000 parts per million. Three trials 
were first carried out with these materials in sand, Greenville loam, 
and West Logan clay loam. Then two more trials were made 
with Greenville loam and the same sulphates but with the substitution of 
sodium chlorid in one case and sodium nitrate in the other in place 
of sodium carbonate. In the last two trials the concentrations of the 
salts and also the sulphates ranged from 500 to 5,000 parts per million. 

Mechanical and partial chemical analyses of the soils used in these 
experiments have already been published by one ci the writers (ij). 
AH the soils contained a large quantity of calcium carbonate. The 
sand was coarse and low in organic matter. The two heavier soils 
were nearly identical in texture, but the Greenville soil contained a 
little more organic matter. 

A critical study of the results of this preliminary test has shown that 
the experimental error in the individual tumblers may frequently be 
large enough to destroy the regularity of the variations due to the grad- 
ual interchanging of the three sulphates so that a presentation of the 
data in full detail would be confusing. The triangular formation has 
therefore been divided into seven regions, namely, Sie center, the three 
comers, and the middles of the three sides. The value for each region 
has been found by averaging three to six tumblers. It is fully realized 
that no two tumblers had exactly the same “alkali** treatment, and> 
accordingly, this mode of presentation may not seem strictly justifiable,, 
but since it has been observed that the average for three glasses in a given 
area is usually rather close to the average of six or more tumblers at that 
place, it is felt that this objection is of minor importance. The results 
are reported on the basis of the average dry weight per plant. The 
use of this basis neglects the fact that the percentage of germination in 
the higher concentrations of alkali is very much reduced and therefore 
the curves do not fall as rapidly as they would on the basis of total 
dry-weight production. The results seem quite comparable, however,, 
and, as the relations in the higher concentrations are thus more clearly 
brought out, it has seemed best to adopt this basis. The data are given 
graphically in figures 2 to 6, each of which consists of four charts. Chart 
A shows the results of the sulphuric acid treatment with and without 
sodium carbonate, while B and C give the corresponding data for calcium 
sulphate and sodium sulphate, respectively. Finally, the two and three, 
component mixtures added to the carbonate soil are shown in Chart D. 
The data for the untreated carbonate soil is reproduced in all the charts, 
as a heavy imbroken line. 

The results of the experiment with sand are given in figure 2. The 
bendicial action of calcium sulphate (fig. 2, B) and sulphuric acid (fig. 
2, A) on the carbonate soil is forcibly shown. The acid is somewhat 
more Aiacious than the calcium sulphate, as would be expected from 
the fact that the g5rpsum is too insoluble to be added in solution and hence 
would react more slowly. Since the sand contained a large quantity 
of calcium carbonate, some calcium sulphate was doubtless formed on 
the addition of the acid, and it therefore seems likely that both correc- 
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fives f unctioned in the same way. Sodium sulphate showed a very slight 
ameliorating action at i,ocx> parts per* million, at which ooncentration it 
appears to be decidedly stimulating to plant growth when added alone, 
but at higher concentrations it increas^ the toxicity of the carbonate 
(fig‘ 5» C). The mixtures of equal parts of two or three sulphates were 
dl somewhat beneficial, but the presence of sodium sulphate noticeably 
reduced the corrective power of the mixture in proportion to its concen- 
tration (fig. 5, D). All the observations that have been made with the 
sandy soil can be readily explained by the simple ionic reactions between 
the ^ded substances, and, accordingly, this case is not essentially differ- 
ent from a solution culture. 


S/m) 




Fio. s.’^Diagriin showing the effect on the growth of wheat plants of adding sulphates to sand impregnated 
with an equal total quantity of sodium carbonate. 


In figures 3 and 4 are shown the results obtained when the previously 
mentioned materials were added to Greenville loam and West Togan 
clay loam, resj^ctively. Both soils behave similarly and may be 
conveniently discussed together. As in the case of sand, neither 
the sulphuric acid nor the calcium sulphate is toxic at any of the con- 
centrations used. The sodium sulphate begins to reduce the growth of 
the plants appreciably at about 5,000 parts per million, and the mixtures 
of this salt with sodium carbonate show decided additive toxicity except 
possibly at the lowest concentrations. For example, the dry weight 
per plant in Greenville soil is reduced to one-half normal (6.7 mgm.) 
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by sodium carbonate alone at 7,500 parts per million^ by sodium sulphate 
at 9,500 parts per million, and by a mixture of the two containing 5,000 
parts per million each (fig, 3, C). Considering the fact that there is 
some chemical removal of these salts from the soil solution by the soil 
material (ij, p. 4.31) so that their concentration is really lower than the 
amount added indicates, these toxicity relations appear to be very nearly 
additive. 

All the other mixtures follow the untreated sodium carbonate curve 
much more closely, indicating that they have very little, if any, influence 
on the toxicity of this salt, though the presence of sodium sulphate in 



them is nearly always made manifest by the somewhat lower position 
of the curve. It is interesting to note that the calcium sulphate when 
mixed with sodium carbonate does not react in the same way in both 
soils. In the Greenville soil it shows no harmful effects at all in con- 
junction with the carbonate, whereas in the West Logan soil it seems 
to lower the 5deld slightly. There is certainly no striking evidence of 
antagonism between any of these substances in either of the two heavier 
soils. 

Figure 5 represents the data for the dry weight per plant obtained by 
treating the Greenville soil, already impregnated with sodium chlorid, 
with sulphuric acid, calcium sulphate, and sodium sulphate. The con- 
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centratkms of all these substances ranged from 500 to 5,000 parts pet* 
million. The general relations are nearly the same as with the car* 
bcmate shown in figures 3 and 4. The simple mixture of sodium chlorid 
and sodium siilphate shows additive toxicity, while the other mixtures 
add a much smaller amount or nothing at all to the harmful effects of 
the chlorid. The three and four component mixtures follow the simpler 
chlorid curve closely (fig. 5, D). No antagonism for sodium chlorid is 
evident. 

The arrangement of the experiment represented in figure 6 differs 
from that of figure 5 only in having sodium nitrate substituted for 



sodium chlorid. The relative shapes and positions of all the curves are 
so exactly analogous to those in figure 5 that the remarks and conclusions 
given above apply in this case also. 

LATER WORK 

With the experience gained in the experiments already described, the 
investigation of this problem was continued in the summer of 1921. 
It was decided to concentrate effort on one soil, Containing one salt as 
a base, and to vary the subsequent treatment as much as possible. 
Accordingly, six different trials were carried out with Greenville loam 
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as the soil and sodium carbonate as the common salt in all the mixtures. 
In each trial three different substances were added, so that the effects 
of 15 materials in conjunction with sodium carbonate have been studied. 

The triangular arrangement of the experiment was adhered to, but 
the number of individual treatments was reduced from 66 to 15, as shown 
in figure 7. In addition there were included in each triangular arrange- 
ment five control treatments in which each of the four individual mate- 
rials and also distilled water were added to the soil alone. The whole experi- 
ment was done in duplicate. The same sodium carbonate treatment was 
present in five of these triangular groupings in which the concentrations 


of the other added substances, when they were toxic in themselves, were 
made to range as nearly as possible from stimulating amounts to decid- 
edly toxic quantities. Four concentrations of sodium carbonate ranging 
from 1,000 to 7/500 parts per million made up a trial, which thus con- 
sisted of 20 units containing 40 tumblers each. 

In figures 8 to 13 the results of six trials are presented graphically on 
the basis of the d^ wei^t per plant. The straight dotted line across 
all the charts gives the 3aeld secured from the untreated soil, as derived 
firom 40 tumblers. The heavy unbroken line shows the yield from the 
soil treated with sodium carbonate alone and is the average of 10 tumblers. 

It will be noticed that every concentration of sodium carbonate is rep- 
resented in the figure by three charts containing six curves in each. On 
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the left is shown the results of mixing the three added substaiices at 
their five maximum concentrations with the untreated soil and also 
with the carbonate soil (fig. 7, tumblers i, 1 1, and 15). The center chart 
represents tumblers 2, 3, 7, 10, 12, and 14 (fig. 7). These contain sodium 
c^bonate and a binary mixture with one of the added substances dis- 
tinctly predominating. On the right are given the results for tumbles 
4> 5» 9» 13 (fig. 7). These contain the carbonate and both biiiiry 

and ternary mixtures in which the concentrations are more nearly equal. 
It should be emphasized that the fractions occurring in the legends to 



describe mixtures refer to a proportionate part of the maximum con- 
c^tration of the unmixed substance and not to the total amount of the 
mixture. For example, in figure 8, in the second triangle, the maximum 
quantities of sulphuric acid, potassium sulphate, and sodium sulphate 
are 4,000, 3,000, and 3,000 parts per million, respectively. Then the 
mixture one-fourth sulphuric acid, one-half potassium sulphate, and one- 
forth s(^ium sulphate in this grouping contains 1,000 parts per million 
sulphimc acid, 1,500 parts per million potassium sulphate, and 750 parts 
per million sulphate, or a total of 3,250 parts per million, and it is this 
total which is plotted in the curves for this mixture. 
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SUiFRUIOC AaD, POTASSIUM SUIJ^HATR, AND SODIUM SULPHATB 

The concentrations used in this trial (fig. 8) are as follows: 


Parts per million at concentration'-’ 



z 

a 

3 

1 

4 

5 

H.SO. 

3, OPO 

4,000 

6, ooo 

8, ooo 

10,000 

K,SO« 

1,000 


5*000 

8,000 

10,000 

Na4S04 

I, ooo 

3,000 

5,000 

8, ooo 

10,000 

NoaCOa 

1 , ooo 

3, OOO 

4,000 

6, ooo 








^ •+• + •+ ^ -4—H — 0+0+0+ 

Fig. 7 —Diagram shovring the arrangement of the tumblers in the final experiments A uniform concen* 
traUon of ^ium carbonate was present in all the tumblers and the treatment was added as indicated 
by the shading. The maxium concentrations used are given in the text. 

When added to the untreated soil, the potassium sulphate is only 
slightly toxic at 8,ooo and io,ooo parts per million; the sodium sulphate 
is very detrimental to plant growth at 8,ooo parts per million, and the 
acid is not harmful at all at io,ooo parts per million. This is indicated 
by the left section of figure 8, which also shows that the presence of 
sodium carbonate in the soil lowers the positions of these curves in pro- 
portion to its amount The divergence of these pairs of curves due to 
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sodium carbonate also increases somewhat as the Concentration of the 
sulphates increase. It is curious that this divergence should te 
ciabie when the quantity of carbonate present is not sufficient to show 
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^G. 8— Diagram showing the effect on the growth of wheat plants of adding sulphates in various pro- 
portions to Gri^viUe loam already impregnated with sodium carbonate. The maximum caaceatm- 
tions of the individual sulphates are given in the text. 


any toxicity, and as ^is condition does not obtain in the other trials it 
may be due to experimental error in this case. The data are not exac^ 
enough to permit quantitative relations to be drawn with certainty, 
but they seem to indicate that when 5,000 parts per million or more of 



•••• HCt /9LON£ 
^Cl /9lOA/£ 

ooo A4» Cl /9LON£ 

//cr] 

— « f<Cl\*Na2iCO^ 
•«•*« NaCt 


^KCl*ll^HCZ\ _ 

0.O-. 

^NaCl^hKCl] ^^3 

HzO 

44*2 ^3 


Pio. 9.*~Di«srain shovHng the effect on the growth of wheat plants of adding chlorids in various propor> 
tiona to Greenville loam impregnated with sodium carbonate. The maximum concentrations of the 
individual chlorids are given in the text. 

lit accordance with the separate toxicities of the components, the indi* 
vidnality of these materials being essentially maintained even in the 
most complicated mixtures. 

30618—23 6 
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It sliouid be partkularly noted that Ibe addition of montoidc amounts 
of sulphates (up to 3,000 to 5,000 parts per million} to the soil contaimn^ 
appreciably harmful concentrations of carbonate almost invariably 
causes the growth of the plants to be somewhat better than with the 
carbonate ^one. Three exceptions to this rule appear when sodium 
sulphate alone and also two mixtures of this salt with potassium sulphate 
are added to the most toxic black alkali soil. A distinct corrective action 
or antagonism for sodium carbonate is thus indicated, since no marked 
stimulation or corrective action is apparent when these substances are 
added to the untreated soil or to the practically nontoxic carbonate soils. 

HYDROCHLORIC ACID, POTASSIUM CHLORID, AHD SODIUM CHLORID 

The concentrations used in this trial (fig. 9) are as follows: 


Parts per million at ooncentration~ 



t 

t 

3 

4 

5 

HCl 

Soo 
1,000 
700 
1, 000 

1,600 

2,000 

1,400 

3»ooo 

2,400 
3,000 
2, 100 
5,000 

1 

3,200 
4,000 
2, 800 
7, 000 

4,000 
5,000 
3» 300 

jglCl 

NaCl 

Na,COa 




The order of increasing toxicity of these substances is potassium 
chlorid, sodium chlorid, and hydrochloric acid. This order is maintained 
quite consistently throughout all the mixtures in the trial. The acid 
probably exerts its harmful properties through being changed to calcium 
chlorid. This salt is nearly as toxic as sodium chlorid, weight for weight, 
and the deficiency is more than made up by the fact that two parts of 
acid produce three parts of calcium chlorid. 

It is to be noted again that sodium carbonate at 3,000, 5,000, and 7,000 
parts per million lowers the yield of the single chlorid treatments by its 
own toxicity. A slight correction of the harmful effects of both 5,000 
and 7,000 parts per million of the carbonate has been brought about by 
the lowest concentrations of the chlorids; but this was very slight indeed 
in the former case, due to the fact that the sodium carbonate was less 
harmful than usual in this instance. 

NITRIC ACID, POTASSIUM NITRATR, AND SODIUM NITRATE 

This treatment (fig. 10) contains the following concentrations: 



Parts per million at concentratiott-~ 

X 

a 

3 

4 

1 

HN03 

I, 000 

2,000 

3,000 

4,000 

5,000 

KNO, 

1,000 

2,000 

3,000 

4,000 

5,000 

NaNO, 

X, 000 

2,000 

3,000 

4,000 

5,000 

J^ajCOs 

X, 000 

3,000 

5,000 

7,000 
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The nitric acid is the most toxic material in this trial, as was the 
rdrochloric acid in figure 9, and the potassium salt is the least harmful, 
le general similarity of the nitrate and chlorid curves is evident, and 
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Fto xo.—Diagram showing the effect on the growth of wheat plants of adding nitrates in various pro* 
pcHtions to Greenville loam impregnated with sodium carbonate. The maximum concentrations of 
the individual nitrates are given in the text 

the same conclusions may be drawn concerning the additive toxicity of 
the carbonate and the corrective action of small quantities of the nitrates 
on this salt. In this case, however, the antagonistic action is fairly 
large in the third carbonate concentration and negligible in the fourth. 
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A special point of interest in this trial is the fact that both potassium 
nitrate and nitric acid are distinctly stimulating to plant growth at 
1,000 parts per million. It should also be noted that their corrective 
action at i,ooo parts per million, as shown in the first and second rows 
of figure lo as well as in the third row with 5,000 pcuts per million car- 
bonate, is appreciably greater than in any of the other diagrams where 
a nontoxic concentration of an inorganic substance is u^, calcium 
sulphate excepted. Accordingly, their beneficial action in this connec- 
tion may be due, at least in part, to an increasing of the vigor of the 
plant growth rather than to the specific reduction of the toxicity of the 
carbonate which seems to take place in cases of antagonism in solution 
cultures. Nitric acid and potassium nitrate give promise of real utility 
in correcting small and moderate toxicities of sodium carbonate in soil. 

SODIUM CHI.ORID, SODIUM NITRAT«, AND SODIUM SUI^PHATJ? 

The concentrations of the salts in this trial (fig. ii) are as follows: 


Parts per million at concentration— 



X 

a 

1 , 

4 

s 

NaCl 

700 

1,400 

! 2, 100 

2, 800 

3, 500 

NaNOa 

1,000 

2, 000 

3,000 

4, 000 

5,000 

Na,SO. 

1,000 

3, 000 

1 S, 000 

8, 000 

10, 000 

NajCOg 

I, 000 1 

3,000 

I c. 000 

7 . coo 








The salts are arranged in order of decreasing toxicity in the table. 
The results of the experiment are in agreement with the general observa- 
tions which have already been made on the additive toxicity of the 
carbonate. Nontoxic quantities of all the salts, particularly sodium 
sulphate, increase the yield in the presence of 5,000 parts per million 
carbonate, but 7,500 parts per million seems to be so toxic that relief is 
impossible. 


DISODIUM PHOSPHATE, SODIUM ARSENITE, AND BORAX 

These miscellaneous substances (fig. 12) were added in the following 
quantities: 


Parts per nullum at concentration— 



1 

a 

3 

4 

5 

NajB 407 

140 

280 

430 

560 * 

700 

NaaAsOg 

194 

388 

582 

776 

970 

NaaHP 04 

•NfajiOOa .. ...... 

1, 500 
1,000 

3,000 

3,000 

4 , 500 
5,000 

6. 000 

7.000 

7 , Soo 




The borax and arsenite are 10 times as toxic as the phosphate and 
they ^ are therefore plotted in figure 12 with one-tenth the phosphate 
scale. Und^ these conditions the borax and phosphate curves are 
nearly coincident, but they are somewhat higher than lie arsenite curve. 
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It is unfortunate that the initial quantity of the latter salt was so large, 
because no inf<»‘mation is afforded concerning the nontoxic concentra- 
tions of sodium arsenite, except inferentially from the complex mixtures. 
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Fto iz — Dtagram showing the efEect uu the growth of wheat plants of adding sodium salts to Greenville 
loaxn impregnated with sodium carbonate. The maximum concentrations of the individual salts are 
given in the text. 

The usual regular arrangement of the mixture curves and also the addi- 
. tive toxicity of the carbonate is evident in the diagram. No corrective 
action on black alkali, however, is shown in this experiment. 

The physiological action of the borax and arsenite on the wheat 
plants was so sUiking and so characteristic that it should be mentioned 
here. Borax caused the leaves of the plants to remain closed up around 
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Fig. z3 —Diagram showing the effect on the growth of wheat plants of adding miscellaneous sodium salts 
in various proportions to Greenville loam impregnated with sodium carbonate The m axi mum concen* 
trations of the individual salts are given in the text 

» This reading applies for a sodium arsenite or borax mixture or where used alone. 

^ This reading apiihes for sodium phosphate mixtures or where used alone 

cemible with as little as 70 paits per million, though at the lowest con- 
centrations they tended to Asappear as the plant grew. The arsenical 
poisoning was characterized by a stunted growth, straight, leaHess stock, 
and a dark, unhealthy color. 
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CAUMUlf SULPHATE, SUUPHUR, AKD If AKUllS 

For the sake of completeness three well-known black alkali amend* 
ments were included in the experiment. Since none of them were toxic, 
the concentrations were made to range bteyond the limits set by agri- 
cultural practice : 


Part* per million at concentration— 



X 

3 

3 

4 

$ 

CaS04 

1,000 

3,000 

6, 000 

zo, 000 

30,000 

Sulphur 

300 

1, 000 

3,000 

6,000 

10,000 

Barnyard manure 

2,000 

5,000 

10,000 

15,000 

30,000 


1, 000 

2, 000 

5,000 

7, 000 


j 






The materials were mixed with the soil in a dry, powdered condition 
before the water was added. With the larger quantities of manure the 
soil was somewhat deficient in moisture because of the larger absorptive 
power of this treatment for water. The results for manure can not, 
therefore, be taken as final, since under other moisture conditions a 
different behavior might be expected. 

The experiment (fig. 13) shows that all three added substances are 
somewhat stimulating alone and that all have the power of counteracting 
partially the toxicity of sodium carbonate. This corrective action is 
accomplished in the lower carbonate treatments about equally well by all 
three materials, but with sodium carbonate at 7,500 parts per million 
calcium sulphate is the most effective and even seems to be a necessary 
component of the amending mixture. It should be noted that curves 
with 7,500 parts per million sodium carbonate represent average values 
for two entirely independent but closely concordant experiments. 

SUMMARY 

(1) The toxicity relations for wheat of certain alkali salts alone and 
in combination with each other have been investigated with special 
reference to the alleviation of black alkali trouble. 

(2) It has been shown that when a given concentration of sodium 
carbonate in sand is treated with an equ^ quantity of calcium sulphate 
or sulphuric acid, an appreciable lowering of the carbonate’s toxicity is 
evident. This relation, however, is not so manifest in heavier soils. 
Sodium sulphate increases the toxicity of the carbonate under the same 
circumstances. 

(3) Either sodium chlorid or sodium nitrate could be substituted for 
sodium carbonate in the arrangement described above without changing 
the results. No antagonism between these salts and the sulphates 
could be detected in Greenville loam. 

(4) During 1921 each one of four different concentrations of sodium 
carinate, already incorporated in the Greenville soil, has been treated 
with five concentrations of the following substances, in groups of three: 

(1) Sulphuric acid, potassium sulphate, and soditun sulphate. 

(2) Hydrochloric acid, potassium chlorid, and sodium chlorid. 

(3) Nitric acid, potassium nitrate, and sodium nitrate. 

(4) Sodium chlorid, sodium sulphate, and soditun nitrate. 

(5) ^dium arsenite, sodium phosphate, and borax. 

(6) Calcium sulphate, sulphur, and barnyard manure. 
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(5) The toxidties ol all the substances in the first five groups are 
increased by the specific toxidty of sodium carbonate when they are 
added to soil already impregnated with this salt. 
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Fio. x3.-^Diagram showing the effect on the growth of wheet plants of adding manure, sulphur, and 
gypsum in various proportions to Greenville loam impregnated with sodium carbomite. The Tnaitiminn 
concentrations of the individual added substances are given in the tcict. 


(6) Nontoxic quantities of all the substances in the first four groups 
have the power of correcting, to some extent at least, the harmful effects 
of moderate, and in some cases of fairly high, concentrations of sodium 
carbonate. The salts in the fifth group do not exhibit this property at 
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aE Tliis phenomenon may be due in part at least to specific stimula- 
tion of plant growth by these substances rather than to any antagonistic 
action on the sodium carbonate which would lower the toxicity of that 
salt as is frequently observed in solution cultme. 

(7) Potassium nitrate and nitric acid are both distinctly stimulating 
to plant growth at 1,000 parts million, and the edition of this 
quantity of these materials to soil containing 5,000 parts per million 
sodium carbonate or less was particularly beneficial. 

(8) Under the conditions of the experiment, barnyard manure was an 
effective amendment for soil containing 2,000 parts per million sodium 
carbonate, but its corrective power for more toxic concentrations of 
black alkali was much less evident, probably because the optimum 
moisture content of the soil was not maintained when the larger amounts 
of manure were added. 

(9) Calcium sulphate, alone and in conjtmction with sulphur and 
manure, is the most effective corrective that was tried, particularly on 
the more toxic black alkali soils. 

(10) The curious physiological effects of borax and sodium arsenite 
on the wheat plants have been noted. 

(11) While the data herein presented throw some light on the antag- 
onistic action of various alkali salts, it is evident that the problems of 
coping with black alkali is far from being solved. 
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IDENTIFICATION OF CERTAIN SPECIES OF FUSARIUM 
ISOLATED FROM POTATO TUBERS IN MONTANA ^ 


By H. E. Morris, AsHslant Botanist and Bacteriologist, and Gracb B. Nutting, 

Assistant in Botany and Bacteriology, Montana Agricultural Experiment Station 

INTRODUCTION 

The econon ic importance to this State of Fusarium wilt and various 
storage and field rots of potatoes has been recognized for several years. 
Between 1914 and 1918 isolations were made from affected tubers until 
nearly 100 cultures had been obtained. These isolations have been cul- 
tureci on artificial media, being transferred about twice a year and kept 
in a refrigerator at about 10° C. 

The purpose of this paper is to record the taxonomic work on these 
various Fusarium cultures. No especial endeavor was made to coimect 
any of these species with an ascigeral stage, and in all our work no cul- 
ture showed any form of growth suggesting such a stage. 

SOURCE OF material 

The tubers from which the isolations were made came from many dif- 
ferent localities in the State. In fact, practically all sections except the 
extreme northwestern are represented. The exact source of ea(i cul- 
ture will be found in Table I. Of the 97 original isolations only 70 were 
used. 

There is little doubt that dryrot and Fusarium wilt are of large eco- 
nomic importance to all potato growers in the State. In 1917, this 
Station reported in the plant disease survey a loss of 4 per cent in the 
potato crop due to wilt and a loss of 3 per cent due to dr)Tot. The year 
1917 is considered a normal one. These figures therefore represent the 
average yearly loss due to potato diseases caused by species of Fusarium. 
This loss is fairly evenly distributed over the State. 

literature reviewed 

A great deal of work has been done and a number of paj>ers have been 
written on Fusarium troubles of potatoes, but the viewpoint in nearly all 
of this work is economic. However, in reporting on the economic phase 
many of the authors include some taxonomic data, and for this reason 
the following reviews are given. Occasional comment on individual 
papers has been made, but this has not been done consistently throughout. 
For convenience the various papers are taken up in chronological order. 

Smith and Swingle (79) * found that there was always present in the 
darkened vascular bundles of tubers affected with wilt, which had not at 
that time been separated from dryrot, a fungus which on culturing they 
found to be a species of Fusarium. In order to determine the characters 
of this fungus Aey grew it on about 40 different media and under various 
temperature conditions. The bulletin gives in detail the results of these 


^ Acaccnted for Ttily sa. xoas. 

* Rdereaoci is made by nttniber (italic) to *' Literature cited.** p. 363-364. 
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studies. To this organism the authors applied the name Fusarium 
oxysporutn Schlechtendal because they felt it ^*not at all certain*' tiiat 
the various names given to species of Fusarium growing on potatoes 
really stood for distinct forms. They therefore considered them as 
synonyms and used the earliest available name. This paper was the 
pioneer for Fusarium work in this county, and in addition to the careful 
work done, mycologists and pathologists are greatly indebted to its 
authors for the impetus given to the study of potato Fusaria, both in 
this country and abroad. 

In 1910 Am)el and Wollenweber (2) published a basis for a monograph 
of the genus Fusarium Link. This paper was the first to give a comi^ra- 
tively exhaustive treatment of the species of Fusarium. It is divided 
into two parts. In the first part the following subjects are discussed in 
detail: Methods, including media, inocula, nutrients, light, tempera- 
ture, color standards, variation in forms appearing in the cultures, 
mycelium, etc., lack of distinction between microconidia, and macroco- 
nidia and characters which constitute a “normal” culture or “normal” 
spore. These authors give a description of the genus Fusarium, discuss 
its lelationships, and list its synonomy. 

The second part relates entirely to taxonomy. Thirteen known species 
are described with the greatest care and detail, each description being the 
record of a research problem in itself. This paper is, without doubt, the 
most fundamental in the literature on Fusarium. It is not here reviewed 
in proportion to its worth, because our experimental work was not di- 
rectly influenced by it. The paper was published in Germany 10 years 
ago and did not include many of the common American species. There- 
fore, it was not well fitted for our identification work. The paper con- 
tains a very good bibliography of the Fusarium problem. 

In 1912 Jamieson and Wollenweber (9) described the symptoms of a 
disease causing diyrot of potato tubers, first noted on tubers sent from 
Spokane, Wash., in February, 1910. To the causal organism of this dis- 
ease Wollenweber gave the name Fusarium trichotheciodes , placing it in 
the Discolor group. Inoculation experiments proved the pathogenicity 
of this organism in producing the characteristic dryrot of tubers. 

In 1912 Wilcox, Link, and Pool {20) published a research bulletin 
in which they described a rot which is practically identical with that 
described by Jamieson and Wollenweber (9), but due to the fact that 
the two papers were published so close together and that the investiga- 
tional work was being carried on simultaneously and independently, these 
authors gave to the casual organism the name Fusarium tubertvorum 
Wile, and Link, which we know now to be a synonym of F. trichothedoides 
Wollenw. Wilcox, Link, and Pool’s paper is of particular value to our 
work because of its emphasis on taxonomy. 

This paper gives the history and distribution of tlie dryrot of tubers 
and the economic importance and symptoms of the particular dryrot 
under discussion. The authors give a r6sum6 of the genus Fusarium 
and allied genera from 1809 to date, concluding with Appel and Wol- 
lenweber’s description of it. 

Details are given concerning the technic for studying the fungus, 
such as temperature, light, single-spore isolation, and color standard; 
and a discussion is made of macroscopic characters, mycelium, influence 
of temperature, influence #f humidity, color characteristics, conidiophores, 
chlamydospores, spore measurements, and spore septations. Consider- 
able space is given to the last-mentioned topic. The importance of 
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vwotis conditions which might influence the number of septations is 
discussed, and the results of actual investigations are recorded in detail. 

In summarizing the taxonomic portion of the paper the authors 
endeavor to find a logical place for their species, and after several sug- 
gestions and comparisons they leave it unplaced, but give a detailed 
description of the organism. Some pathological studies are discussed 
with emphasis on the mode of infection, resistance, and susceptibility 
of varieties and methods of control. 

Wollenweber {21), studying the genus Fusarium taxonomically, came 
to a few definite conclusions: The stroma as a taxonomic character in 
species determination is unreliable. A pure culture method which gives 
the normal stages is necessary, and the culture media recommended was 
steamed stems of trees, shrubs, or herbaceous plants for conidia and 
chlamydospore production and rice, potato tub^s, and other starchy 
media for secondary characters, such as color, extra large sclerotia, and 
stromata. He is not sure that Fusarium is an obligiate conidial stage 
of an ascomycete. He puts much emphasis on the importance of the 
proof of pathogenicity of the organisms, and in his discussions of each 
species he indicates the kind of parasite. 

Wollenweber was the first to assemble into sections species of Fusarium 
having related characters. He considered a uniform shape of conidia the 
most important of the characters on which the division could be based. 
The sections whicli he described in this paper have been used in all taxo- 
nomic work with this genus since that time. Other sections, of course, 
have been added, but the original sections have for the most part never 
needed to be amended. 

The 20 species of Fusarium described, of which only 3 are new, are 
grouped under the sections, practically all of which include wound para- 
sites capable of destroying parenchymatous tissue, except the first, which 
includes vascular parasites only. Wollenweber's sections in their order 
are: Elegans, Martiella, Discolor, Gibbosum, Roseum, and Ventricosum. 

Later Wollenweber {22), in morphological and pathological study of 
the divisions of fungi having cylindrical and crescent-shaped conidia, 
states definitely that fungi with cylindrical septate conidia fall outside 
the genus Fusarium, and belong, when the perfect form is known, to the 
genera Nectria, Hypomyces, and Mycosphaerella, and, when the perfect 
form is not known, to Cylindrocarpon when chlamydospores are absent 
and to Ramularia when they are present. 

Lewis (ij), working in Maine, carried on comparative studies with some 
40 different cultures of Fusarium isolated from various hosts, including 
7 isolated from potatoes. He noted how the growth of the cultures was 
effected by different media, different quantities of acid and alkali, and 
different temperatures. He tested for gas in fermentation tubes, but 
obtained negative results only. Tests of pathogenicity were carried on 
with all of the cultures, and considerable cross inoculation work was done. 
He made no attempt to identify the species, because the published de- 
scriptions were so incomplete as to make critical comparisons with them 
impossible. However, Wollenweber was in the United States at that 
time, and Lewis sent his cultures to Wollenweber, who identified most of 
them. His results were added as an appendix to the bulletin. 

Four of these species — Fusarium poae, F. helianthif F, conglutinans, 
and F. pirium — do not later appear in the literature as occurring on 
potato, ^erbakoff (iS) says of the first two that they are closely 
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i^ated to F. sporotrichioides n. sp. and belong to the section Sporotli- 
chiella; tbe third species belongs to section Elegans and is dosely related 
to F, orthoceras; and the fourth may belong to section Arthrosoriella. 
Sherbakoff does not recognize any of these spedes but disposes of them 
aU in sa3ring: 

No technical description, except results of inoculations for potatoes, always nega> 
tive, and certain characters of color and of colony growth, is given, and thus a proper 
identification is rendered impracticable. 

Harter and Field (7) from the results of their work on the stemrot of 
the sweet potato concluded, as Appel and Wollenweber (2), that the 
type of inoculum — mycelium or spores — ^has a marked influence on the 
culture. They also proved the pathogenicity of Fusarium hyper’- 
oxysporum Wr. and F. bcUaiis Wr. for the sweet potato and obtained 
negative results in their inoculation experiments with F. oxysporum 
Schlecht., F. orthoceras Ap. and Wr., F. cattdatum Wr., and F. rodicicola 
Wr. on the same host. 

Wollenweber (23) discussing the species of Fusarium occurring on 
sweet potatoes, points out the necessity of .agreeing on the criteria by 
which a “normal’* culture may be known, to avoid wide discrepancies in 
describing what is in reality the same species. He describes 1 1 species of 
Fusarium, two species of Hypomyces and one of Gibberella occurring on 
sweet potatoes. This included all the species of Fusarium then known 
to occur on sweet potatoes. Under each species is given a “ diagnosis ’* 
or description of the type culture, habitat, and a general discussion of 
its histoiy and relationships. In ^e case of new species, of which there 
are 6, the relationships are taken up with a great deal of care. 

A descriptive key to all these species is included based upon the char- 
acteristics of pure cultures grown in daylight. Regarding the key the 
author makes the following comment: 

This key might have been based entirely upon the morphological characters and 
curvature of the conidia but since the color reactions offer a Ampler, though less 
trustworthy means of id^tification, they have been employed. This key, therefore, 
^ould be regarded only as an aid in identification, not as a guide to the morphology, 
which has been discussed in the diagnosis and illustrated in detail in the illustrations. 

Sherbakoff {18) realizing the chaotic condition of the genus Fusarium, 
especially those species occurring on potato, conducted a research 
problem to discover on what basis the American species as well as those 
discussed by Wollenweber could best be separated. 

In generi, Sherbakoff verified the principles and the results of Appel 
and Wollenweber’s (2) work in Germany. He believed, however, 
djisa^eeing with Appel and Wollenweber, that there should be a dis- 
tinction (irawn between microconidia and macroconidia, and that the 
presence or absence of the microconidia may be used in distin^ishing 
species. He also disagrees with Appel and Wollenweber in believing that 
species can be distinguished — 

when grown on almost any medium, including artificial media, provided that 
the medium is not extremely poor or rich in lood materials, and also provided 
that the moisture supply in the medium is well regulated. 

Sherbakoff found no coremia nor typical pionnotal form of fructification 
as did Appel and Wollenweber. 

The author outlined the scope of the work, discussed the source of 
material and methods of isolation, culture media, effect of light and 
temperature, variability in the species of Fusarium, relative taxonomic 
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imi^tasice of different characters, defined certain forms of fnictifitcation, 
reviewed the genus Fusarium, and explained the difficulties of identifying 
species of Fusarium with previously described species because of the 
scarcity of taxonomic detail in the descriptions. The greater part of the 
memcm is taken up by the description of sections, g^era, species, and 
varieties. He listed 20 previously described species, including parasitic 
and nonparasitic forms — ^all that were known to occur on potatoes — ^and 
41 new species and varieties. These 61 forms he distributed under 
Wollenweber’s eight sections and three additional ones that he himself 
originated and defined. Three species of Ramularia, a genus closely 
related to Fusarium and also occurring on potatoes, are included. There 
are drawings of practically all species and varieties, showing conidia, 
conidiophores, and occasionally mycelium. Spore measurements are 
given for spores grown on various culture media. 

B^d on the ideas of Appel and Wollenweber, Sherbakoff (i^) worked 
out a dichotomous key for the species of Fusarium described, which, 
while the best yet published, is far from perfect. Imperfections in keys 
are rather inevitable until methods used in the identification of the 
species are better standardized. Until standard methods are adopted, 
the boundaries of species can not be closely enough defined to prevent 
investigators from introducing numerous varieties, separating one from 
another on minor characters that are not stable under all conditions. 

In the key, Sherbakoff uses septations and shape of conidia most often 
as differential characters. Presence or absence of microconidia, chlamy- 
dospores, sclerotia, sporodochia, type of fructification, and color and t3rpe 
of conidiophores are also used. Difficulty with the key arises most often 
in the case of varieties. Individual difficulties of this sort will be noted 
later. Confusion often arises from the misuse of the terms macro- 
conidia and microconidia, but this may be due to t)T>ographical errors. 

C. W. Carpenter (4) , in a paper on tuber-rots caused by species of Fusa- 
rium, includes a section on taxonomy which gives the description of eight 
species. Among these one is new, F. eumartii, which falls into the sec- 
tion Marteilla. 

Link (jTj) shows some very interesting results from physiological 
studies on Fusarium oxysporum Schlect and F. trichothecioides Wr. 
Comparisons of the two species are given to show temperature rela- 
tions, growth, habit, and food requirements and pathogenicity to tubers 
and growing plants. 

Pratt (15), in a paper on control of powdery dryrot caused by 
Fusarium trichothecioides Wr., concludes that this species is of the high- 
est economic importance of all of the Fusarium species in the irrigated 
portion of the West, and in another paper {14) notes that F. radidcola 
Wir. is rather common in desert soils. 

Hawkins (<?), in studying the effect of certain species of Fusarium on 
the coinposition of the potato tuber, found that Fusarium oxysporum 
and F. radidcola secrete sucrass, maltase, xylase, and diastase. The 
last-mentioned enz3rm is apparently incapable of acting on the ungda- 
tinized potato stardb. The purpose of the study was to find out what 
constituents of the potato are most easily destroyed by the fungus and 
what compounds can not be utilized by it either in respiration or in 
building its own tissues. Their results are not conclusive as to whether 
kind or quantity of secretion is in the least specific, as onl^ three organ- 
iems were used in their experiments, but this article introduces an 
interesting phase of the Fusarium problem. 
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Pratt (id), in studying tbe relation between soil fungi and diseases 
of the Irish potato in southern Idaho, isolated among many other iuim 
14 species of Fusarium. Five of the strains isolate ^'apparently dif* 
fered from all species heretofore described,'* and Pratt, thetmore, named 
them, giving in this publication the original descriptions, which indude 
habitat, cultural characteristics, spore ^pe, septations, and size. Sep- 
tations and size are given of spores grown on various media for different 
ages. 

The new spedes described are: Section Gibbosum, Fusarium lanc^ 
olahim; Section Blegans, F, eleganhim and F. Idahoanum; Section Dis- 
color, F. aridum and F. nigrum. 

The other nine species were identified, but in only one case, that 
where Pratt's culture showed some differences from the "authentic cul- 
ture" which he used for comparison, are there any taxonomic notes. 

Bisby (j) in his studies on Fusarium diseases in Minnesota notes that 
Fusarium oxysporum and F. discolor var. sulphureum are of large eco- 
nomic importance in Minnesota. His results with certain temperatures 
and media in studying these diseases are of interest to use, but other- 
wise the bulletin is strictly economic in its outlook, 

Edson and Shapovalov (5) made a careful study of the relations of 
growth of certain species of Fusarium to temperature. The species 
they used in the studies were: Fusarium discolor y var. sulphureum 
(Schlect) Ap. and Wollenw., F. eumartii Carp., F. oxysporum Schlect, 
F, radicicola Wollenw,, F. trichoihecioides Wollenw. 

Two species of Verticillium were also used. For each of these spedes 
they made nine plate cultures and incubated them at nine different 
temperatures from 1° C. up to 40® C. at 5° intervals, taking readings of 
tbe size of the colony at the end of each 24 hours. The results, aside 
from aiding in control determinations, proved to the authors that tem- 
perature tests in certain cases may serve as a useful supplementary 
method for the identification of fungi exhibiting contrasting thermal 
relations. 

‘ THE GENUS FUSARIUM UNK. 

The genus Fusarium is classified according to Engler and Prantl 
Naturliche Pflanzenfamilien (6) as belonging to the section Mucediacae 
Pharagmosporae of the family Tubercukiriaceae of the order H)rpho- 
mycetes of that heterogenous class known as the Fungi Imperfect!. It 
is, consequently, a form genus, and already the ascigerous stage of a 
number of its species has been found. A few of these are Nectria solani 
(Ren. and Bert.), which has been reported as the ascigerous stage of 
Fusarium solani; Nectria graminicola B and N., as the asdgerous stage 
of F. nivale; and Gibberella sanbinetii (Durieu and Mont.) Sacc. to 
which spedes F. tuhnorum, F. avenaceumy F. hordeiy and F. heterosporum 
have all been referred. It seems very probable that more and more 
species of this genus will be connected with genera of the Ascomycetes, 
though as Wollenweber states (^z) — 

We are still far from having conclusive proof of the widely recognized theory that 
Fusarium is the obligate conidial stage of Ascomycetes. 

The genus Fusarium was described in 1809 by Link (12), together with 
the allied genera Fusidium, Fusisporium, and Atractium. Later Link 
dropped one or the other or combined them in various ways. Sdilecten- 
dahl, Corda, Fries, and Saccardo worired on this group of organisms and 
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classified thw ia various wa]^» but they aU recognised the imperfections 
of the classification. In their monograph Appel and WoUenweber (a) 
have establidied the botmdanea ci the genus Fusanum, ushii^ Atractium 
Link, Fusidium Link, Fusisporium Link, Selenosporium Coida, Fusoma 
Corda, and Pionnotes Fries, either in toto or in part, as synonyms. 

The S3monomy of the genus Fusarium given by Appel and Wollea- 
weber {2) is quoted below, and a translation is given of their description 
and notes. 

Syaoiiomy; 

AtmcHum link pr. p. in liiag. Ges. Nat. Fteunde III, S. 10 (1809). 

Fusidium link pr. p. in Mag. Gea. Nat. Freunde VII, S. 31 (1816). 

Fusidium Wnk pr. p. in Spec. Plant ii. S. 96 (1825). 

Fusisporium Link tn Spec. Plant i, S. (1824). 

Selenosporium Corda Icon. I. S. 7 (1837^ 

Fusoma Corda Icon. I. S. 7 (1837). 

Pionnotes Fries Sum. Veg. ^and., S. 481 (1849) Sacc. Syll. IV, S. 725. 

Conidia more or less polar, mostly dorsi ventral, seldom distinctly round (radi&r), 
more or less curved; when ripe usually septated; more or less colored when in masses; 
borne one after another in tne same spot, 8ut not connected in chains on the end el 
simple or branched septate oonidio^ores which appear spread out between the 
hypn^ or joined as they are in coremia, or grouped together in sporodochia. 
C^idia spread out in a powdery form between the h^hae or tubercular-like on a 
limited gelatinous sporodochia, a slimy layer or occasionally as pionnotes without 
definite boundaries. 

Chlamydosphores, oval or pear shaped, single or in bunches, in chains or bunched 
up, remaining joined for scane time, terminal or intercalary, not more than one borne 
in the same place. The chlamydophore is not very different from the oonidiophote, 
and it has no distinctive color. It never gathers in gelatinous layers. 

Hyphae septate, variously branched epi- and endo-phytic, occurring sparing^ly or 
in great quantity, either isolated or together, curly or thick, partly litc coremia, or 
e^>ecially like a stroma to plectychymatic form with definite ^ape or without defiifite 
^ape, more often similar to an even growth all over, limited or spread out, often 
closed up together on the inside, occasionally building up brightly colored mycelium. 

Note that it is undecided whether species that do not have septate conidia should 
be kept separate from the genus or be placed in a subgenus Fusamen according to 
Sacca^ (/y); but there is no question about those which have a tendency toward 
septation as F. orthoceras. It ea also undecided in what order of importance the 
characters ^ould be taken. The choice is between septations, dorsiventrality, 
TOlarity and the curve of the long axis of the conidia. It is very questionable whether 
Fusarium should be placed under Leptosporium as in Saccardo, and nothing but the 
study of the different forms can decioe the boundaries of the genus. Concerning the 
color of the conidia masses it can be said that black does not appear normally, neither 
does black mycelium. Light orange and ochre colors predominate in the conidia. 
The mycelium also has yellow, red and blue. The term sclerotium as used in Fusa- 
rium is disputable. Researches have not shown that the term sderotia was justifia- 
ble for the plectydhymatic structures found. 

In 1913 WoUenweber (22) excluded from the genus all species having 
septocylindrical conidia. In bringing this genus to date, therefore, this 
fact should be incorporated. Sherbakoff (iS) describes the genus con- 
cisely as follows: 

Hyphomycetes, with from hyaline to br^ht, but never plain gray nor black, conidia 
and mycelium; conidia sickle-shaped, septate (usually 3 or more septate), aplcally 
pointed, mostly pediciUate, not appendiculate, noncatenulate; conidia scattered 
over substratum, in pseudopionnotes or in sporodochia, the latter without or with 
from fiat to wart-like plectenchymic substratum, and always without any differ- 
entiated encloring or surrounding structures; conidiophores from simple to irregu- 
lariy verdciHate. 

30618 - 23—8 
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ZBQl^irtOK OF C0I,T01I9S 

The orighial cultures 'vvere ah obtained from infected tubers by €be 
fdlowing method: 

The imected tubers were thoroughly wa^died, dipped into a z to Z|000 
solution of mercuric dilorid, mid cut open. In order not to contaminate 
the infected parts of the tuber, the healthy portion was cut almost to the 
edge of the discolored portion and the tuber then broken open, care being 
taken that nothing should touch the advancing margin of the fungus; 
A piece of discolored tissue was taken from the advancing margiii and 
put into a tube of melted agar, which was then poured into a Petn dish 
and incubated at room temperature. Six to lo plates were made from 
a single tuber. The plates were watched carefully to be sure that a 
pure culture was the result of the isolation. When this was assured 
a transfer was made to agar slants, and these were kept as stocks. It 
was surprising how very few contaminations appeared in the plates. 
Bach culture was numbed, and all notes, including source, were kept 
under this number. * 

SINOLS’SPORE ISOLATIONS 

In 1916 when detail work with these cultures was anticipated it seemed 
best to take every precaution to be assured of pure cultures, for a mixed 
culture of two or more species of Fusarium could easily pass unnoticed. 
Therefore, a single-spore isolation was made from ea<± culture in the 
following manner: 

A st^e platinum needle was used to transfer spores from the stock 
culture to tube i, which contained 5 cc. of distilled sterile water. From 
this tube a series of five dilutions was made into tubes, each containing 
5 cc. of sterile distilled water. Three 3-mm. loops of material were taken 
from tube 1 and put into tube 2 ; three 3-mm. loops of material were taken 
from tube 2 and put into tube 3 ; and ^ree 3-mm. loops of material were 
taken from tube 3 and put into tube 4. Tubes of standard beef agar were 
melted and poure<^ into Petri dishes and allbwed to cool. From each 
dilution tube K cc. of material was made to flow over the surface of the 
{dated agar. Any excess material was drained off. The plates were 
allowed to incubate at room temperature for about 16 hours, when they 
were searched with a microscope for germinating spores. All microscopic 
examination was made through the bottom of the inverted Petri dish. 

Fusarium spores axe for the most hyaline and to locate them on a 
plate of clear agar is very difficult. TOe scheme was devised of sprizikling 
a few sterile spores of Tilleiia feoians of wheat over the surface of the agar 
with a tiny sterile spatula. These spores were easy to locate and gave 
the plane of focus in which the Fusarium spores could be fouzid. The 
use of the sterile smut spores proves to be a great timesaver. 

Usually the search for spores began with the more heavily sown plates, 
down through the more dilute ones until a spore was found whi^ was 
sufficiently isolated so that it alone could be removed. The jposition of 
this spore was marked by a ring of India ink on the glass and it was then 
cut out by means of a stiff platinum cylinder illustrated in Phytopath- 
ology (jo) and placed on the upper end of an agar slant. It was carefully 
watted by means of the microscope to be sure that all growth came 
60m the spcMie and not from a piece of mycdium from the edge of the 
{deoe of agar, as often happ^ed when the germinating spores were 
not sufficiently isolated. \l^en it was assuxra that all growth cam 
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from tbe ^Kire it was considered pure and the culture was kq>t as a 
stock. If there was any question as to the source of the growth the 
culture was discarded. Sometimes a number of attempts had to be 
made before the stock culture was obtained. 

COMPARATIVE CULTURAL STUDIES 

Since the purpose of our work was the identification of the species of 
Fusarium that we had found occurring on potatoes in Montana, we began 
by comparing the cultural characteristics of each isolation product, 
hoping to be able to group together those which belonged to one species 
so that we might eliminate unnecessary duplication with cultures of the 
same species. This hope was realized only in one group. After a 
few trials with different media and at different ages, one group, containing 
about 20 per cent of all the cultures, separated itself out very constantly. 
Its growth was so characteristic that we then believed and have since 
proved that it was Fusarium irichothedoides Wr. There were other 
groups, some seven of them, each containing from 2 to 10 cultures; but 
the identity of the members of the groups was not sufficiently striking 
to warrant leaving any of them out of further studies. However, these 
groupings aided materially when actual identification work began. 
Seventeen series of cultures have been studied. A series consisted of all 
the transfers made at the same time and incubated under similar con- 
ditions for the purpose of comparative studies. At least four sets of 
individual notes were taken on each series, so as to bring in the influence 
of age on the characters. 

The characters emphasized in these notes were color, amount, and 
nature of the growth of mycelium, absence or presence and color of 
pseudopionnotes or sporodochia. All color determinations were based 
on Ridgway's “Color Standards.'* ® 

In practically all the series the cultures were inoculated in triplicate, 
so that when variations arose between cultures inoculated from the same 
stock culture a decision as to which was the more normal could be made. 

As a preliminary to note taking, those cultures which had sufficient 
similar cultural characters to suggest identity were put into groups. 
Each group was designated by a letter, and these were placed in a table 
in parallel vertical lines, a column for each note taking, so that gross 
group comparisons could easily be made. Notes on each group were made 
in detail at the end of the table. If a culture showed only a slight variance 
from a group it was put into the group, but with special additional notes, 
and was designated in the table by the group letter with a subnumber. 
In so far as possible the same letters were used throughout for the same 
group. After a few sets of notes were taken one or two cultures which 
seemed most typical of a group were chosen as type cultures, and these 
numbers were given the same letter each time and served as the nucleus 
to the group represented by that letter. 

* Some few cultures, the number varying with the medium on which 
they were grown* did not develop any distinctive microscopic characters; 
others developed distinctive characters on certain media; and occasionally 
the same culture when on one medium was placed in a certain group, 
while on another medium it would be placed in a different group, or, as 
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often haj^ned, would seem to fit none of the groups. These refractory 
cultures caused considerable trouble, and some of them have not yet 
been identified. 

MICROSCOPIC sruDxiss 
USB car pHOTomcRoORAPas 

The microscopic studies that are most extensively used in classifying 
Pusaria are the size, shape, and septation of the spores. In view ca 
the fact that different kinds of spores are produced and that in each 
kind there is much individual variation, the problem becomes in some 
cases rather complex. 

In a goodly portion of the microscopic studies photomicrographs were 
used. The spores were mounted in water containing a small quantity 
of dilute Myer’s flagella stain. The cover glass was blotted with a 
coarse filtered paper, pressed down, and sealed with paraffin to prevent 
evaporation and consequent movement of the spores. The pictures 
were taken soon after the slides were made, for Uie mounts gradually 
dried out. If they were put into a moist chamber they could some- 
times be kept intact for 24 hours or more. 

The Leitz horizontal photomicrographic apparatus lA No. 398, 
with Leitz microscope stand, having an apochromatic condenser, was 
used for this work. All pictures were taken magnified 500 diameters. 

The photographic method proved very convenient, for by means of 
it actual reproductions of spore material were made when the spores 
were at their best and the data were studied when convenient. This 
permitted a massing of data by means of which close comparative studies 
of microscopic characters could be made, which without photographs 
could not have been done. 

Drawings, of course, might have been used instead, but there is no 
doubt that the photographic method is far superior to that of drawing. 
In the first place, actual reproductions of selected fields of spores are 
made instead of a few spores selected in accord with the personal pref- 
erence of the worker and idealized and perfected in the process of 
drawing. Drawings are often misleading in their fine definitions and 
detail. Secondly, if the worker is careful to photograph an average 
field, which in most cases is ea.sy to do, a great deal of additional data 
are recorded on the picture, which the one who was drawing would have 
to add in notes that take too much time when the critical stage of a 
large group of cultures is demanding his attention. Such data, for in- 
stance, are the percentage of spores with a certain number of septa, 
the percentage of macroconidia and microconidia, limits of size of 
different types of spores, etc. 

Two complete sets of pictures were taken, except for cultures that 
would not fruit. One was of the funri from cultures about 47 days 
old, grown on oat agar, and the other of fungi grown on lima bean agar 
when the cultures were about 10 days old. 

The spores of some cultures would not take the stain; others, pctr- 
ticularly those having mostly microconidia, even though perfectly 
sealed exhibited Brownian movement, and still other cultures product 
so few spores that a field suitable to photograph was impossible to find. 
Many attempts, some of which were successful, were made to grow these 
refractory cultures on a medium that would produce a greater abund- 
ance of spores, and whenever successful pictures were taken. J^otable 
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advance was made with some of them when grown on steiiliacd tomato 
stems and leaves. 

In order to see what effect age and medium had on spore characters^ 
three species, each typical of a group, were chosen and about lo photo- 
graphs were taken of them, g^own on different media and at different 
ages. Our conclusions are indicated on page 354. 

MICROSCOPIC NOT«S 

The only key published which includes the greater number of Ameri- 
can species of Fusarium is Sherbakoff's (rS), and it was therefore used 
as a basis for this work. In determining the various sections this key 
was very useful, but owing to the fine distinctions made between species 
and esf^cially between varieties much difficulty was experienced in 
identif)dng an unknown culture. 

In order to secure the necessary data for the identification work 
microscopical study was made of all cultures grown on hard oak agar 
and on lima bean agar, in addition to the data secured from our micro- 
photographs of the cultures grown upon the same media, but under 
somewhat different conditions. The cultures grown on hard oat agar 
were about 15 weeks old and had been kept in the refrigerator at 10° C. 
The cultures grown on lima bean agar were about 4 weeks old and had 
been kept in a dark incubator at about 21° C. 

As with the series of cultures used for the microphotographs, we had 
difficulty here also with certain ones not fruiting; and additional notes 
were made for certain cultures at about 4 weeks of age when grown on 
potato glucose agar and at various ages, depending upon the organism, 
when grown on tomato stems, potato plug, and lima bean agar. 

In these examinations particular care was taken to include some 
mycelium in order to determine whether or not chlamydospores were 
present, for in the photographic work it was natural to select a field 
filled with spores rather than one filled with mycelium, and the presence 
or absence of chlamydospores, which character Sherbakoff used con- 
siderably, was often overlooked in the earlier studies. 

MRDIA USED 

A limited number of media was used in our work, for the concensus 
of opinion of those investigators who have used a large variety, notably 
Smith and Swingle (79), Apple and WoUenweber (2), and SherbakoflF 
(xS), seems to be that little is gained from so doing. Sherbakoff believed 
that all important characters were brought out on hard oat agar, certain 
vegetable stems, tuber plugs, and potato agar containing about 5 per 
cent glucose. We followed the suggestion of Sherbakoff but used a 
few additional media. The formulas of the media follow : 

Oat aoar. — One hundred gm. rolled oats were put in 1,000 cc. of water 
and cooked for an hour in an Arnold steamer whidb varied in temperature 
from 50® to 75* C. 

The product was strained through cheesecloth and the volume of 
liquid was brought up to i,ooo cc. Thirty gm. of agar were added, 
and the mixture was put in the autoclave and the pressure allowed to 
rise gradually to 15 pounds, where it remained for 15 minutes. The 
material was then tubed, and the tubes were plugged and autoclaved. 
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LniiA B&AN AGAR. — ^This was made in the same way as the oat agar 
exc^t that the decoction was made by heating loo gm. of broken pieces 
of lima beans in 1,000 cc. of water. 

Potato gI/UCosr agar. — ^This medium was made in the same way 
as the oat agar except that the decoction was made from 100 gm. of 
sliced potato tubers, and just before the mixture was tubed 50 gm. 
of glucose (T. J. Baker^s c. p.) was added. 

Rick. — ^A bout 3 gm. of rice were put into each tube, 10 cc. of tap 
water were added, and the tubes were plugged and autoclaved. 

Potato pi,ug. — Cylinders cut from potato tubers w^e slanted and 
placed in tubes with enough water added to about cover the cylinder. 
The tubes were plugged and autoclaved. 

Sweet clover stems. — Stems of sweet clover (Melilotus alba) were 
cut into convenient pieces. If the stems were large enough only one 
was placed in a tube. Most of them, however, were small and two to 
four pieces were used. The stems were dry, so water enou^ to cover 
them was added. The tubes were plugged and autoclaved. 

Tomato stems. — ^Sterns and leaves of young tomato plants {Lycopersi- 
cum esculentum) were cut into convenient pieces, put into tubes with 
distilled water added to within about K inch of the top of the stems. 
The tubes were plugged and autoclaved. 

Five series of cultures were grown on oat agar, five on potato glucose 
agar, three on lima bean agar, two on potato tuber plug and one each 
on the other media mentioned above. 

TEMPERATURE AND LIGHT CONDITIONS USED 

By far the greater number of the series of cultures were grown in the 
dark in an incubator regulated between 20° and 2 2° C. This temperature, 
according to data of various investigations, seemed to be nearest the 
optimum for the greater number of species. 

In all cases where the “dark"' incubator is mentioned it refers to one 
the temperature of which was regulated by burning a 20-watt carbon 
light automatically controlled by a thermostat in the lower portion of 
the incubator. The cultures were kept in cans on wire screen shelves, 
and the light given off from this bulb should possibly be considered 
as influencing the results, though it does not seem probable that it did 
as the temperature of the room was such that the bulb was lighted but 
a small portion of the time. 

One series of cultures grown on potato glucose agar was kept in dif- 
fused light and incubated at room temperature whidh varies from about 
18® to 25® C. 

Another series grown on potato glucose agar was inoculated in quad- 
ruplicate, and two tubes of each culture were grown in the “dark** 
incubator at 20° C. and two similar tubes grown in an incubator with 
glass doors, designated as the “light** incubator, which was in the 
greenhouse so placed that the cultures were in strong diffused lirfxt 
during the day. The tubes were kept in glass beakers and only a few 
in eadi beaker. The temperature of the “light** incubator was kept 
at 21.5® C. 

Still another comparison between cultures grown in light and darkness 
was made with lima bean agar. In this case two tubes of eadi culture 
were kept in the dark incubator at 20® C and two each were kept in 
diffused light in a room at a temperature which varied between 
and 25®. 
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GWneLAX, DISCUSSION OF METHODS 
SV9BCT 09 MEDIA 

No distinct eflFort was made to determine the comparative values of 
differat media, for in order to determine such values a large number 
of trials idiould be made on eadi medium under observation. However, 
the results which we gained from a few trials on a few media may be 
of some value. 

Effect on cuuturaI/ characters. — ^The growth made on sweet clover 
stems lacked color. In fact certain cultures (those ordinarily grouped 
under K, a Discolor group, and under D, an Elegans group) whidi constantly 
produced color on all other media did not exhibit any on sweet clover. 
The growth was scanty in proportion to that on other media. This 
may have been due to the fact that the stems used were old ones which 
had been very dry. However, Sherbakoff (18) notes that the presence 
of the epidermis on stems seems to lessen the development of aerial 
mycelium and to favor production of fewer but better developed sporo- 
dochia. We also found that sweet clover stems seemed to favor the 
production of sporodochia and pseudopionnotes. A few cultures which 
had not at any time formed sporododiia did so on this medium. The 
sweet clover stems were sometimes covered with a thick, tough layer 
of plectench)miatic-like tissue which seemed never to bear spores. 

The little experience we had with tomato stems suggested that they, 
too, favored the production of spores. However, our work with this 
meium was very limited, as we used it only on refractory cultures. 

Lima bean agar proved to be another medium that did not stimulate 
color production. For instance on Group F (a Martiella group) notes 
taken 12 days after inoculation read, “a slight appearance of greenish 
blue growth,*’ while cultures of the same group grown on oat at ii days 
showed “various combinations of blues, greens, and purples.** The D 
group (an Elegans group) which was mulberry purple on oat showed 
white or gray on lima bean. 

That series of cultures (p. 350) growing on lima bean which was divided 
and part grown in the diffused light and part in the dark incubator 
showed practically no difference in color production. Only two cultures 
produced color in the dark that did not produce any in the light. The 
amount of mycelium on the lima bean cultures varied somewhat with 
the groups. 

The mycelial growth on potato plug was abundant, and color appeared 
in varying degrees. That is, more color was produced on potato plugs 
than on lima bean or on the stems of sweet clover, but less than on the 
oat or potato glucose agars. Thick, tough layers of plectenchymatic 
tissue formed over the tuber plugs, as it did over the stems of sweet 
clover, but sporodochial growth was rare. 

The peatest variety of colors was produced on rice, and finer group 
distincuons were brought out on this medium than on any other used in 
the cultural studies, but the colors were very mixed and they seemed not 
to stay true to group. Very little reliance was put on these results at 
the time tbe notes were taken. It is interesting to look back and see 
how nearly true to group the color determinations were. However, the 
mixture of colors produced was so difficult to describe that except for 
grouping purposes it is doubtful if rice as a cultural medium would have 
any spemc >^ue. 



35J jMimeA A^HeuMinml ISeMircfc m 


Again and again in Hnt literature is noted tlie fact that for color pro- 
ducSon agar with glucose is the medium to use. Our results ^wed 
that the cultures grown on potato glucose agar did develop color, but 
not much more so than did those on oat agar. The color on the glucose 
agar in some cases was deeper than on the oat. For instance, notes taken 
at practically the same age on both media give for the color of group A 
(a Discolor group) on potato glucose **vinaceous cinnamon to orange 
cinnamon ’’ and on oat it is salmon buff to salmon color.'* For group C 
(a Discolor group) it reads “ Bordeaux** on the glucose and ** spinel pi^*’ 
on the oat. However, the deepness of color is not constant throughout 
for special notes on culture No. i6 give **seashdil pink** as the color on 
glucose and ** cinnamon ** as the color on oat. Our results would indicate 
tl^t the two media are about equal in color production value and the 
amount of growth is practically ^e same, being abundant on both. 

EFifEct ON MICROSCOPIC CHARACTERS. — ^No Striking difference micro- 
soopically was noted between ^res grown on lima bwi, potato glucose, 
oroat agars (PI. i, A and B; 2,(5). We found that the series of oat cultures 
kept in the refrigerator was in the best condition for spore study of all 
with which we worked, but it seems probable that this was due to the 
temperature rather than the culture medium, as the other oat series was 
about equal to the lima bean. 

The few refractory cultures that were grown on tomato stems led us 
to believe that that medium might prove to be very good. At least it 
would be worth while to try it out further. 

Appel and Wollenweber {2) concluded from their work that agar media 
were by no means so sure of producing normal conidia as the tubers, 
and the stems were found to be the most satisfactory of all. Wilcox, 
Dink, and Pool (20) state that cultures grown on gelatin and agar media 
are not normal and can not be used in the determination of characters. 
Our results do not support these conclusions, but they confirm a state- 
ment made by Sherbakoff (iS) : 

An agar, especially such a one as oat hard agar, often gives all the forms of fructifi- 
cation for these fungi, With **nomial'* spores and more or less typical and brilliant 
color production. 

It might be well to add here a footnote given by Sherbakoff (iS) in expla- 
nation of the variance between his results and those of Appel and 
Wollenweber {2 ) : 

This observation is apparently in some contradiction to the observations of Appel 
and Wollenweber (1910: 12-13), but indeed it is not so; because, judging by the ** arti- 
ficial*' media actually used by them, their observations of unfitness of such media 
for study of “normal” growth of the Fusaria was based on “soft” agars too rich In 
sugar. The writer also found that such agars produced abnormal growUi. 

We found that oat agar more than any other medium used combined 
the qualities necessary to produce good cultural characters sudbi as 
growth and color and normal spores. 

EFFECT OF UOHT 

So little comparative work was done upon the effect of light on growth 
and color that our results are of rather limited value. The effect of li^t 
on Fusarium has never been thoroughly studied. Our conclusions fttid 
those of a few other investigators are included below. 

Using lima bean agar for a medium, we found practically no diffetence 
in the amount of growth or the amount of color produced in cultures 
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Spown is the dark incubator and those grown in diffused lights but the 
Hma bean is not a good color producer under any condition. 

With potato glucose there was some difference, though it was not 
striking. These comparisons were drawn, however, from cultures grown 
in the light incubator and others grown in the dark incubator (p. 350). 
Our notes taken when the cultures were a week old show that in the 
dark group A produced rufous pseudopionnotes; in the light they 
were ferruginous. A more intense purple color showed in group D when 
grown in the light than when grown in the dark. The most striking 
comparison, in fact practically die only striking one, was in the case of 
culture No. 69 which produced carmine mycelium in the light and white 
mycelium when grown in the dark. 

Notes taken on a complete series of week-old cultures grown on potato 
glucose in diffused light showed practically the same results as those 
taken on the cultures grown in the dark incubator. 

Smith and Swingle (ip) found that often cultures which produced — 

a beautiful, rich salmon colored mvcelium when grown in sunlight produced white 
mycelium when grown in a dark closet. 

A difference in color was not noted on all media tried. Except for a 
difference in color these men concluded that light had no material effect 
on the growth. 

Appel and Wollenweber {2) noted that conidia masses were much 
richer in color when grown in the light than in the dark. They £dso 
noted that when cultures were grown in the dark, poorly developed 
conidia with uneven septations and form appeared. Although direct 
sunlight was not exactly injurious the diffused daylight was most favor- 
able in every way for the product of morphological characters. 

EPracT OP TEMPERATURE 

We did no work with the effect of temperature on the fungi, but a 
summary of the conclusions of other workers may be of value. 

In working with Fusarium oxysporum, Smith and Swingle (jp) found 
that the fungus grows well on boiled potatoes at a temperature of from 
15® to a little above 30° C. Below 15° the growth became slower and 
slower until 5° was reached, when practically no growth took place. 
Above growth took place. 

Link (15) did some detailed work on temperature relations of Fusarium 
oxysporum and F. trichothecioides. The optimum temperatures for the 
two are different. However, at temperatures between 15® and 20® C. a 
good growth was made by both. 

Lewis (ii) in his work with 24 cultures of Fusaria found that 20® 
to 25® C. seemed to be the best range of temperature for most of the 
cultures. 

Appel and Wollenweber (a) in their summary of conditions which will 
guarantee a normal growth*’ say that room temperature should be 
used, that is, “between 12® and 25® C. neither higher nor lower.” 

Bdson and Shapovalov (5), working on temperature relations of six 
of the more common species of Fusarium, found that ^owth took place 
in varying amounts between 2® and 38® C. The minimum for ^wth 
was shown by F. discolor var. sulphureum, the maximum by F. radioicola. 
The maximum growth for all cultures took place between 25® and 30®, 
though growth was abundant between 15® and 30®. 
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A temperattffe of between 19® and 22 ^ C was used for i»:actieaD]r 
all the work reported in this paper. Bid<kntal]^ it was found that 
cultures kept in the refrigerator at 10° show^ an unusually good spore 
condition. It was very likely due to the fact that so low a tenlperature 
inhibited the growth and was about the optimum temp^ature for preser* 
vation of spores after their formation. Cultures kept in the refrigerator 
were alwa}^ kept at room temperature for about a week after they were 
inoculated. 

During the later spring months the light incubator in the greenhouse 
wanned up in the middle of the day to 30® or 35® C. We found that cul^ 
tures kept in this incubator during that time deteriorated quickly. 

The conclusion drawn from our own experience and ^at of others 
was that cultures can be grown as well at room temperature as at a 
fixed temperature, provided the temperature does not go lower than 12® 
or higher than 25® C. In case it is desirable to keep spores in a normal 
condition for a longer period of time than is possible at room tempera- 
ture this can be done by keeping them in a refrigerator at 10® or less. 

SPFSCT OF AOB 

Careful study of the series of cultures ^own for the purpose of noting 
the effect of age on spore formation was in some measure disappointing. 
Isolated examples could be found that would illustrate practically any 
theojy one might wish to propound. Too many factors enter in, sudhi 
as moisture, nutrients, temperature, etc., for one to be able to make 
definite conclusions as to the effect of age. It seems that if all conditions 
are right to produce a “hoch** ^ stage of a normal culture, age does not 
enter in more than that a very young culture or a very old one can not 
produce a “ Hochkulture.*’ Only relative age then, would seem to be 
of importance. 

CONCLUSIONS AND SUGGESTIONS ON METHODS 

The effects of media, temperature, light, and age, though not always 
very great on cultural and spore characters, are sufficient to make it 
advisable in describing characters to describe the culture media and 
conditions so freely as to make the repetition of the culture upon the 
same medium and under approximately the same conditions easily 
possible, to note under what conditions these results were observed, 
and to keep them within certain limits. 

Our experience would suggest that cultures grown on a hard oat agar, 
in diffuse light, and at room temperature will give the best satisfaction. 


* Appel and WoUenweber (;;) in their attempt to find distinctive terms by which to designate the degree 
of devdopment and the age of the cultures created six terms which are briefly defined as follows; 

AnjcuIiTUrs: A little mycelium from the original substance of some Fusarfa is inoculated cm tubers or 
stems. A pure, rich mycdial culture results in which there are either no conidia or only a very lew, and 
these are apt to be irregnlar in shape and septation and are not suitable for morphological resewdi. 

NoRMian,TrrRn: A culture which produces conidia readily and in whidki the spores are regular In form 
and septation. 

AnfctrLTcrRS; A culture in which deterioration has set in, and the spores which have nc^ dishttegrated 
am small and usually have fewer septations than do those in the Normculture. The Normkulture it tub- 
divided into three stages: 

The JUHOKU1.TUR8, usually less than 8 days old, is one in which the tpores have not readied a donttaut 
form ci devebpment, and spores of varying sizm and septatioiis are found. 

In the HocuKDXrTURU the spores are truly nonnal, that la, comparatively even in aiae, thape, and aaeta- 
tiotts. 

In the ALTKui,yuR« the apores, due to lach Of moiature or food, ahHnk a little in alae: or if new gpoiW 
are formed they are undersized, yet not deteriorated enough in form to bdong to the Abicutture. 

Plate T. c and D. illustrate the **alt** and '*hoch** Stage of the Nonnkulture aa seen id ocir work. 
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The ctiltiires may be kept in a normal condition for 12 weeks or more 
by keeping them at a temperature of 10® C. or less. 

Were the standardization work suggested on page 3S6 to be at- 
tempted, we would suggest as the media to be test^ out a hard oat 
agar, potato stems, potato plugs, and possibly potato glucose agar. It 
would be advisable to try several regulated temperatures, together with 
a room temperature, the limits of which should be given, probably 12^ 
to 25® C. Tests should be made to determine that time nearest which 
all the species reach the normal stage of their growth, and if possible 
some method should be devised to standardize moisture and humidity 
conditions. 

PITFALI^ IN IDnNTiPiCATlON WORK WITH SPECIES OP PUSARIUM 

The greatest obstacle in the way of accurate determination of species 
of Fusarium is the lack of a good monograph of the genus, and this lack is 
due in part to nonstandardization of &e methods used in identification 
work, especially as regards kinds of media, environmental conditions, 
and the relative value ascribed to various characteristics of the fungus 
when grown in pure culture under laboratory conditions. The species 
and varieties intergrade and the differential characters used in the keys 
are not sufficiently distinct to permit any but an experienced investigator 
to use the key. To become an authority one must work long enough 
and with large enough numbers of species so that he can create within 
himself a conception of the species. In other words, he judges to what 
species the fungus in question belongs rather than actually* identifying it. 

Pathologists in various parts of the world often in connection with 
some pathological studies isolate a species of Fusarium. In their eager- 
ness to name the organism which is causing economic loss they describe 
it so incomprehensively that future workers are not able to identify their 
cultures with it and therefore more new names appear. 

Appel and Wollenweber (2) made a good beginning toward a monograph, 
but it was merely a beginning. Sherbakoff {18) has helped the situation 
somewhat with his “Fusaria of Potatoes,” but his key is deserving of the 
criticism given above. He has split species up into so many varieties 
that to identify a specimen beyond its section becomes a tedious task of 
scientific guessing. 

In the near future the botanical world, especially the mycological world, 
must determine and actively promote some policy with regard to trino- 
mial nomenclature. If all the flowering plants were split into varieties 
on as many minor characters as are the fungi, binomial nomenclature 
would before long be a thing of the past. The American Code of Botan- 
ical Nomenclature (i) states in regard to categories of classification that 
the terms ‘‘subspecies” and “subgenus,” etc., may be used when addi- 
tional categories are necessary for the convenience in presentation of 
relationships, but “the term variety is relegated to horticultural usage.” 

The mycologist's difficulty arises largely from lack of perspective. 
The person who has worked on a single group for some time sees very 
real, fine distinctions which would not be at all significant to other 
mycologists. These distinctions may not be of enough importance to 
justify his making a new species, but they are too real to Inm to be 
overlooked, and he therefore originates a variety. Would it not be 
tetter to keep in mind that a species must have more or less flexible 
boundaries due to evolution whi^ has taken and is now taking place, 
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and in describmg new species <x in identUying new cultures allow for a 
certain amount of variance? Hie code ^ot^ just above defines spe* 
des as ** connected or coherent groups of individuals.” 

There is little doubt that in some cases physiological strains of spedes 
must be recognized by some system to be agreed upon, possibly by 
making new spedes, but until formally adopted by a representative 
body varietal names, espedally those bai^d on morphological characters, 
should be avoided. 

SUGGlE^SriON FOR A STANDARD METHOD FOR FUSARIUM STUDY 

An important step in taxonomic work on Fusarium would be to 
standardize the methods for growing Fusarium spedes in somewhat the 
same way that certain bacteriological methods are standardized. 

In order to do this it would first be necessary to ca^ on a compre- 
hensive prdiminary study. Interested workers in difierent localities 
would grow a large number of spedes of Fusarium, preferably sub- 
cultures from common stocks. The conditions of media composition, 
light, temp^ture, and humidity should be as nearly uniform as pos- 
sible, selecting those suggested by the results of previous workers. 

The method of note taking in the work should be sufficiently uniform 
to facilitate comparative studies of the results. From these compara- 
tive studies it could be concluded what conditions proved most satis- 
factory in growing spedes of Fusarium. 

Selecting the most promising method thus obtained as a provisional 
standard, cultural work should again be carried on by a very large 
number of workers and with a very large number of spedes, and notes 
taken in a uniform manner. A comparison of the various notes on 
single species would determine whether or not the method used could 
be adopted as “a permanent standard.” 

By careful study of the various notes taken on all spedes of Fusarium 
used, the most stable characters could be determined and a really work- 
able key made. 

Such a procedure would involve a large expenditure of time and 
money and much care on the part of the workers. To find enough 
interested workers with the time to devote to such a study might in 
itself be a difficult task. However, until a key based on comprehensive 
data of this kind is made we see little hope for accuracy in identifica- 
tion. (See also page 354.) 

RESULTS OF IDENTIFICATION WORK 

The cultural and microscopic data, acquired as described above, were 
carefully studied and with the aid of Sherbakoff's {18) key many of 
the cultures under investigation were identified. Their descriptions 
and identifications follow according to groups. Practically all the 
cultures were found to be included under Wollenweber's three sections: 
Elegans, Discolor, and Martiella. Notable exceptions to this are No. 
20, 69, and 75. For various reasons some few of the cultures are cmly 
provisionally identified, and two are not identified at all. The summary 
given in Table I will show which these are and give the reason for indeci- 
sion. (See page 362.) 

Since Sherbakofi's key was used, the descriptions of species given by 
him were taken as the standard in most cases. If questions arose about 
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Individual ^aracters, comparisons were made with descriptions by 
other investigators whenever such descriptions were available. 

SECTION SLSGANS 

One group (Group I)) fell within this section. It included No. 21, 
?4f 25 » 27 i 28, 29, 31, 45, 46, 58, and 59. This was a difficult group to 
identify because of the scarcity of macrospores and the variations 
in color. Microscopically the group (with the exception of No. 59) 
falls into the species Fusarium oxysporum, but no tube culture produced 
sclerotia, which according to Smith and Swingle (19) were green in 
color and always found in cultures grown on potato plug, and according 
to Sherbakoff {18) were: 

Bluish black in color, constantly present on potato tuber plug and sometimes on 
different agars. 

In plate cultures grown on potato agar with 5 per cent of glucose, a 
few of the numbers (21, 28, and 46) produced small, dark purple spots, 
which on examination proved to be masses of nonsporing mycelium; 
but after four weeks of growth these small masses of mycelium seemed 
to be too loose to be called sclerotia. The fact that they did not form 
consistently throughout the group also suggests that they are not the 
sclerotia noted by the authors mentioned above. 

The color of our cultures, also, does not quite agree with fonner 
descriptions of the species. Sherbakoff gives “ macroconidia in mass 
usually of pinkish buff color’* but neglects to state on what medium 
this is true. 

On potato-glucose agar plates kept in the light most of our cultures 
(No. 24, 25, 27, 29, 45, 58, and 59) showed salmon coloring varying from 
light buff to ochraceous salmon, but shades of purple are typically found. 
Combinations with pinks and sometimes with greens occur but a greater 
or less amount of purple was characteristic of the group under all condi- 
tions. The only media used in common with Smith and Swingle were 
boiled rice and potato tuber plugs. Smith and Swingle found the color 
on the former when growm in the dark “mixed pink and lilac shading 
into white." Our notes show a production of purple (true) to resolane 
purple. On potato tuber plug these authors noted the growth when 
made in the darkness was “pure white changing to creamy white." We 
noted a slight development of a pinkish and purple pigment when grown 
in the dark. 

However, these discrepancies in color do not seem sufficient to throw 
these cultures out of Fiisarium oxysporuniy but the lack of sclerotia seems 
important We would, therefore, identify these cultures as F. oxy- 
sporum var. asclerotiumy^ a variety described by Sherbakoff which differs 
from F. oxysporum — 

by the absence of sclerotia, and definite plectenchymic sporodochia, in color of the 
mycelium and somewhat longer and narrower macroconidia. 

Sherbakoff neglects to state in what way the color differs. 

Macrospores were very scarce in all the cultures of this group, and in 
No, 24 none at all were found. In the other numbers they varied 

* It mivlit teem Incsonsisteat aitar the diacussion on binomial nomenclature on page 355 to nuke use ol 
varietal names in our clas^catl^. We recogniee the disadvantages o( trinomial nomenclature but 
feet justified in following H to avoid sUtl further confusion of the names used in this genus. We feel, 
however, that some official recemmeadntiooa end action eaxnM be taken upon the important questton 
by societies qualified to represent mycology. 
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considerably in size. This variation in size seemed to bear no consistent 
relationship to numbers, media, or temperature. We are there* 
fore including in the limits given the various sizes of the spores measured 
on the different cultines. 

Fusarium axysporum Schlect. var. ascleroiium Sberb. (Oescripticm tahen front No 
21, 24, 25 , 27, 2S, 29, 31, 45, 46, and 58. 

Macaoconidia typically dorai ventral, doesiventrali^ sometiines slight, ttsuahy 
distinct, and if so, ventrally curved. More or less uniform in diameter, with more 
or less abruptly attenuated apex; base pedicillate. 

Microconidia very abundant. Oftentimes no macroconidia present, especially 
in cultures that have been kept for some time in stock. Chlamydospores common, 
mycelial intercalary and terminal, conidial intercalary. 

Mycelium abundant, line and long, from white to slight purple tint to haema- 
toxylin violet to mulbeny purple on hard oat apr grown m the dark; white to 
•light development of pinki^ pigment and sometimes purple color on potato plug 
grown in dark; white to slight purple tint on potato^^lucose agar grown in darlmess 
and white to cameo pink to petunia violet when grown m the light. 

Substratum colorless to purple to dull purpliSi black on potato-glucose agar. 

The conidial measurements are as follows: 

1- septate, few, 22.5 by 4.5 microns. 

2- septate. rare, none measured. 

3- septate, 50 to 100 per cent, 34 by 4 (22 to 52 by 3 to $ microns). 

4- 8eptate, o to 40 per cent, 48 by 4.5 ^35 to 60 by 4 to 5 microns^ 

5- septate, o to 20 per cent, 48 by 4.5 (35 to 60 by 4 to 5 microns). 

Fusanum scleroiioides Sherb. var. brevius Sherb. (Description from No. 59.) See 
Plate 2. A. 

Macroconidia typically dorsi ventral ; dorsiventrality distinct, ventraUy curved, 
dorsally elliptic, typically broader toward apex, indistinctly pedicillate; gradually 
attenuated, pointed apex. 

No sclerotia, no plectenchymic sporodochia. 

Microconidia abundant, oval, o~and i~septate. 

Sometimes far in excess of macroconidia. 

Intercalary mycelial chlamydospores common. Mycelium well developed, white 
to mulberry purple on hard oat agar; white to cameo pink and petunia violet when 
grown in uie light on potato glucose agar; slight development of pinkish pigment 
on^tato ping. Substratum on potato glucose agar livid pink to dark maroon purple. 

I^e conidia measurements are as follows: 

x-septate rare, 22 by 4 microns. 

2- septate rare, no measurements made. 

3- septate 50 to 80 per cent, 36 by 5 (25 to 40 by 4 5 to 5.5) microns. 

SECTION DISCOLOR 

Three distinct groups, namely A, B, K, and one group C, which varied 
considerably within itself, contained species included in Wollenweber's 
section Discolor. The description of these cultures with their identifica- 
tion follows. 

Fusarium trichothecioides Wr.; (Description taken from No. i, 3, 5, 6, 7, 8, 9, 10, ix, 
12, 14, 33» 38, 6x, 63, 64, 76, 79, 81, 83, 91, and 97.) 

Conidia not differentiated into macroconidia and microconidia, but tiiiereare 
two types of spores, the comma and the discolor types. The discolor type, that is 
conidia shaped like those of Fusarium discolor, is very rare. Comma type of spore 
slightly dorsiventral to straight, diameter more or less uniform, apex and base not 
differentiated rounded. (PI. 2, B.) 

Spores in powdery masses, at first cm aerial mycelium, which soon covers the surface 
completely. 

Terminal and intercalary chlamydospores occasionally noted. Mycelium abimdant 
at first and white, soon becoming covered with powdery spore masses, which vary 
from pale flesh, salmon buff, chamois to buckthorn brown cm potato-glucose agar; 
pale flesh to pale pink to pale pinkirii buff on potato plug; white to pale fle^ to 
•afnmo pink to light ochre to salmon buff on oat agar. 

Substratum colorless to somewhat darkened on potato^glucose agar. This species 
is easily identified by its very characteristic powdery grora. 
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Xbe oonidial nMamKmeiiti of ^ comma type of ipore are u folhma: 
eeeptate, ii by 4 f6 to 19 by 3.5 to 4.5) microais. 
x-teptate, X5 by 4 (xa to ^4 by 3.5 to 5) microns. 

•-•eirtate, ao by 4.« (x8 to a6 by 4 to c) microns. 

3-«eptate, a6 by $ <19 to 34 by 4.5 to 6) micxoxis. 

3a by 5 microns. 

Hie percentages of o>, x>, a-, and y septate conidia vary in different cultures. In 
most cases x>septate conidia predominate. 

Ptuarium subpallidum var, toseum Sherb. (Description taken from No. 15, 17,* aa. 
and 40-) 

Macroconidia typically dorsiventral, dorsiventrality distinct, ventrally curved, 
more or less tmiform diameter, apex not long, rounded; base pedicillate. 

Spores in small salmon-colored sporodc^ia, occasionally merging into pseudo- 
pionnotes. Microconidia absent. Chalmydospores sometimes found, both conidia! 
and mycelial intercala^. Mycelium somewhat varied in color, white above to 
salmon orange below with some shades of pu^le on potato plug; fle^ pink to light 
coral pink and rose pink with occasional slight tint of purple or yellow on potato 
agar with 5 per cent glucose. 

Substratum, colorless to rose pink on potato agar with glucose. 

The conidial measurements are as follows: 
i-septate, o to so per cent, 18 by 4 microns, 
a-septate, rare (no measurements made). 

3- septate, 50 to 90 per cent, 35 by 4.5 (16 to 30 by 3.5 to 6) microns. 

4- 6eptate, o to 15 per cent, 34 by 5 microns. 

5- septate, o to 13 per cent, 34 by 5 microns. 

It is doubtful whether there is enough difference between the ^ecies 
Fusarium suhpallidumf F. subpallidum var. roseunit F. clavatum, and 
F. discolor to warrant more than one species. 

Fusarium clavatum Sherb. (Description taken from No. 33, 41, 43, and 43.) 

Macroconidia typically dorsiventral, dorsiventrality distinct, ventrmly curved, 
•lightly broader toward the apex, apex rather abruptly attenuated, base distinctly 
pracillate. 

Spores in small sporodochia, later merging into pseudopionnotes from pale flesh 
to salmon colored on oat and lima bean; light coral red to coral red on potato agar 
with s per cent glucose. 

Microconidia absent. 

Intercalary conidial chlamydospores sometimes present, mycelial intercalary 
chlamydospores occasionally foimd or scattered. 

These cultures showed unusually close identity culturally and microscopically 
throughout. 

The conidial measurements are as follows: 
z-septate, rare, 
a-septate, 3 to 6 per cent. 

3-septate, 75 to 90 per cent, 37 by 4.5 (16 to 40 by 4 to 6) microns. Average limits 
30 to 30 by 4 to 5 microns. 

4*septate, 15 to 30 per cent, 30 by $ microns. 

5-8eptate, 5 to 15 per cent, 30 by 5 microns. 

Practically speaking, the spore measurements and the percentages of 
the variously septated spores varied no more between the different media 
(potato glucose, oat, and lima bean agars) than between different cul- 
tures grown on the same medium. 

No. 16 seems to vary between F. clavatum and F. subpallidum var. 
roseum and F. discolor in color characters, but the spores agree with 
F. discolor in shape and size, and sometimes in average number septa- 
tions. We, therefore, are identifying it as that species. 


* Practicslly no uomisl sporet w«re found in nny of the culturet of No. xt on «ny of the medie used . The 
enttitte iwimt •ttonttated. However, from the tew eporei and from earlier cultural notei we identified 
itwHhthiaip^ee. 









Fusamm discohr Ap. «ad Wr. w. tulpkimim fSc^lect) Ap. attd Wr. (Doicriptioii 
taken from Ko. 77 and 85.) 

Macroconidia typically dorsiventral, dorsiventrallty diatincti ventrally curved, 
more or less uniform in diameter. Apex not long, t^ically slightly broader toward 
the apex, more or leas abruptly attenuated, base directly pedicillate. 

Spores in pseudopionnotea, desh ochre to salmon color on all media used. 

Microcoiiiaia absent. 

Conidial chlamydospores often found; mycelial chlamydospores never noted, due* 
perhaps, to scarcity of mycelium. 

Mycelium white at first, but soon becoming entirely covered by pseudopiottnotes* 

Substratum colorless to slight salmon colorii^.^ 
photograph of No. 77. see PI. i, C and ^.) 

The conidial measurements are as follows: 

septate, rare. 

3^ptate, 15 per cent, 34 by 4 (ra to 33 by 4 to 4.5) microns. 

4- 9eptate, 15 per cent, 35 by 5 microns. 

5- septate, 70 per cent, 40 by 5 (35 to 45 by 4 to 5) microns. 

6<septate, rare, 43 by 6 microns. 

The percentages oi the different septate spores vary in different cultures. For 
instance, 5-septate spores were 97 per cent on 7*day culture on lima bean and only 
^per centonoat about 1$ weeluold. The size also varies. The cause of difference 
in size would seem to depend on temperature and moisture conditions quite as much 
as on the medium used. 

No, 84 was much the same as No. 77 and 85 but showed the following variations in 
spore measurements: 

z-septate, rare. 

3 -septate, 4 per cent. 

3- septate, 40 per cent, 36 by 4.5 microns. 

4- septate, 30 per cent, 33 by 4.5 microns. 

5- septate, 35 per cent, 36 by 5 microns. 

6- septate, rare, 38 by 5 microns. 

Color of growth lighter on potato glucose, orange tinge with bacterial'Hke growth 
below. 

No. $3 was much the same as No. 77 and 85 but showed the following variations in 
spore measurements: 

3-septate, 12 per cent, 25 to 40 by 4.5 microns. 

4'Septate, 8 per cent, 38 by 4.6 microns. 

5- septate, 80 per cent, 42 by 5 (35 to 52 by $) microns. 

6- septate, rare. 

Spores seem to be slightly less curved than in No. 77, though they grade into each 
other. ' 

Color of growth slightly different, apricot orange rather than fiesh ocre on all media 
used. On lima bean mycelium was medium in growth, contrasted with its scarcity 
in No. 77. 

The darkening of the medium mentioned in note on Fusarium discolor var. suU 
phurmm was never noticed in cultures of this number. 

F. culmorum (W. Smith) Sacc, (Description taken from No. 84, which was the only 
isolation made of this species.) See Plate 2, D. 

Macroconidia dorsiventral, ventrally straight or very slightly curved, alight con* 
striction at the apical end and the pedicillate base, quite imiform diameter through* 
out, typically 5-septate 36 by 6 microns. 3- and 4-9eptatc conidia are not uncommon. 
Conidia have thick membranes and very pronounced septa. Orange-colored imcir* 
odochia found. 

Conidial chlamy dospores abundant on lima bean agar, age 175 days. 

On potato glucose agar mycelium abundant, bright pink above, carmine to ox-blood 
red below. 

Substratum ox-blood red. 


SECTION MARTIBI.Z.A 

The members of the one group (F) that fell within this section were not 
identical in their cultural characters but were sufficiently similar to 
suggest a group. Microscopically it is quite easy to recognize the group 


’ On potato zlnoose am, both in the lisht and in the dark, the medhini aasnethnet darkened to a browa 
blaefc and the growth became more or uwa powdery, from Sanford'a brown to a nigger brown in colm, 
the pawdopionnotet disappearing. Spores moontm from sndi cultures appeared more or leas ditnh 
tagratkL 
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Martidla, for the blunt spores are very characteristic. The size of the 
spores and number of septations vary considerably, and to identify the 
species and varieties offers many difficulties. 

Sherbakoff (i<y), in this .group also, has made varieties that could have 
been avoided had he made his species a little more comprehensive, and 
from our experience the characters of some of his species are not suffi- 
ciently stable. Such characters are comparative width and length of 
spores, “somewhat narrower macroconidia,” “color of conidia and sub- 
stratum usually paler,” “frequent occurrence of bluish plectenchyma,” 
etc. 

After considerable comparative study we have identified No. 30, 35, 36, 
47, 49, 51, 53, 71, 74, 80, 89, 90, 94, and 95 as Fusarium solani. Slight 
differences occur in these cultures, which, judging from a single photo- 
graph or a single set of notes, might suggest a variety of F. solani or of 
F. Martii or even a new species, but study of all of the data shows that 
these cultures do not have sufficiently stable characters to identify them 
as varieties or species. The cultures vary from one another and from 
the descriptions of F. solani only in minor details. Some of these 
variations are shown in the two photographs of F. solanL (PI. 3, A and B.) 

Fusarium solani (Mart, p . par. ) Ap et. Wr. (Description taken from No. 9 j as a type . ) 

Macroconidia typically somewhat broader in upper half, rounded to slightly con- 
stricted apex, slightly if at all pedicillate Normally 3-septate 28.75 hy 4.5 microns 
(limits 27 to 38.5 by 4 to 5 microns), sometimes 2- and 4-septate, rarely 5-septate. 

Pseudopionuotes and sporodochia occur commonly on most media. 

Microconidia may or may not be present. When present usually abundant, round 
or oval in shape. Chlamydospores in mycelium terminal and intercalary, common 
in old cultures. 

Aerial mycelium weak to well developed, typically white, neutral gray, sometimes 
with a purple tint. 

Substratum on potato glucose agar usually from deep purplish vinaceous to dull 
violet black. Color on oat agar a mixture of blue, green, and purple. 

Fusarium coeruleum (Lib ) vSacc. (Description taken from No. 55, which was the only- 
isolation made of this species.) 

Macroconidia dorsi ventral, slightly ventrally curved. Basal end distinctly pedicil- 
late, Apex rounded, more or less abruptly attenuated. Uniform diameter throughout. 

Three-septate spores dominant, quite variable, 31 to 42 microns by 5 to 6 microns. 

Aerial mycelium feltlike in age, appressed, white to bluish white and olive buff to 
dusky slate, violet on potato glucose agar. 

Plectenchymatic tissue and substratum on potato glucose agar violet to indigo 
blue and bluish black. 

Chlamydospores vety abundant in old cultures, terminal and intercalary and ia 
long chains and masses. 

OTHBR SECTIONS AND UNIDENTIFIED ISOI,ATIONS 

The few cultures that fell outside of the three sections just discussed 
were identified by means of Sherbakoff *s key and descriptions (/<?), 
but since we did npt have known cultures for comparison, no descriptions 
of them are included here. The identification of each as we determined 
it is as follows: 

Section Gibbosum: No. 20, Fusarium gibbosum. 

Section Roseum: No. 13, F. suhulatum var. hrevius. 

Section Arthrosporiella: No. 69, F. arthrosporioides; No. 72, F. 
anguioidesl (Oilamydospores were sometimes found.) 

Section Ferruginosum: No. 75, F. builaium (may be variety roseum). 
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TablS L--^Sunmary of identifications madct together mtk source of diseased Udrers, 
character of disease and date cf isolation 



Source of tubers. 

Date of isolation. 

Stjspected 

disease. 

Roundup 

Feb. 20, 1914 

Dryrot 



. . .do 


do 

. . .do 

do 


. . .do 

Stevensville 


. . .do 


do 

. . .do 


do 

. . .do 



. . .do 

Lavina 

Mar. 1$, 1914 

. . .do 

do 


. . .do 

Miles City 

Apr. I, Z914 

. . .do 


do 

. . .do 

Moccasin 

Jan. IS, 1915 

. . .do 


do 

. . .do 

do 

do 

. . .do 

do 

. .do 

. . .do 


do 

. . .do 



. . .do 



. . .do 

Rockvale 


Wilt 


Jan. 16, lois 

. . .do 

do 

.... do 

. . .do 

do 

. . . . do 

.. .do 

. . ..do 

do 

... do 

do 

do 

. . .do 

do . 

do 

. . .do 

Great Falls 

Jan. IS, 19x5 

Dryrot 

Rockvale.. ...* 

Jan. 21, 1915 

Wilt 


do 

. . .do 

Fallon 

Jan. 22, 1915 

. . .do 

Moccasin 

Jan. 26, 1915 

. . .do 

do 

do 

. . .do 

. . . dp 

. . . . do 

... do 


. . . do 

. . .do. ..... 

Corvallis 

Feb. 3, 1915 

..do 

do 


. . .do 


. . . do 

. . .do 

do 

do 

. . .do 


... do 

...do 

Rozeman 

June 5, 191s 
. . . do 

Dryrot. .... 

Wibaux 

. . , .do 

Bozeman 

June 7, 1915 

. . .do 

.do 

June 22, 1915 

. do 

tewistovm* 

Aug. 23,1915 

Wilt 

.. ..do 


. . .do 

Great Falls 

Sept. 7, 1915 

. . do — * . . 

Havre 

Dec. 10, 1915 

Drvrot 

Roundup 

Mar. 21, 1916 

. . .do. 

Billings 

Apr. 20, 1916 

. . .do. ...... 

Darbv 

May 4i ior6 

. . .do 


DctetniiiiatUm. 


F. trickotkecioides. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

F. subulatum var. brevius. 

F. trichotkedoides, 

F. subpallidum var. roseum. 
F. discolor. 

F. subpallidum var. roseum. 
F. gibbosum. 

F. oxyspoTum var. osclertH 
tium.^ 

F. subpallidum var. roseum. 
F. clavatum. 

F. oxysporum var. asclero- 
tium.^ 

Do.» 

Do.‘ 

Do.» 

Do.‘ 

F. solani. 

F. oxysporum var. asclero* 
tium.^ 

F. trichothecioides. 

F. solani. 

Do. 

F. trichothecioides. 

F. subpallidum var. roseum. 
F. clavatum. 

Do. 

Do. 

F. oxysporum var. asclero* 
tium.^ 

Do.» 

F. cF. solani. 
ulmorum. 

F. solani. 

Do. 

F. discolor var. sulpkureum. 
F. solani. 

F. coeruleum. 

F. oxysporum var. asclerO’ 
tium.^ 

F. sclerotioides var. brevius.^ 
F. trichothecioides. 

Do. 

Do. 

F. arthrosporioides. 

F. solani. 


^ Scis xiotes on Htegans sroup p. 3<;7. 

« There i» some confusion in the record of the source ol this culture. It is recorded in one plaee •• Blf 
Arm end in another as I^ewistown. Circumstantiel evidence points to the letter as correct. 
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Tabi«9 — Summary of identifications madet together with source of diseased tubers» 

character of disease and date of isolation — Continued 


lio-l 

i** , 

ti 09 

No. 


7a 

74 

75 

76 

77 
8 x 

83 

84 

89 

90 

91 

94 

95 
97 


Soarce of tubers. 


Date of isolation. 


Bozeman 

May 1, 1916 
June 27, 1916 
Feb. 1, 1917 
May 22, 1917 

do 

do 

Dryrot 

Havre 

. . .do 

Forsyth 

Stone Shack 

Bozeman 

. . .do 

. . .do 

. . .do 

. .do 

. . do 

Glen dive 

.... do 

. . .do 

Billings 

do 

. . .do 

do 

. . . do 

... do 

do 

do 

. .do 

Glasgow 

Tune 12 . 1017 

... do 

Boulder i 

do 

. .do 

Hardin 

.... do 

. . .do 

Joliet 1 

June 14, 1917 

. . .do 

Bozeman 

June 16, 1917 

. . .do 

Circle 

Mar. 23, 1918 

. .do 


Suspected 


Determination. 


F. anauioides, 

F. solani. 

F. bullatum. 

F. trichothecioides . 

F. discolor var. sulphureum. 
F. trichothecioides. 

F, solani. 

F. trichothecioides. 

Do. 

F. discolor var. sulphureum. 
Do. 

F. solani. 

Do. 

F. trichothecioides. 

F. solani. 

Do. 

F. trichothecioides. 
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PLATE 1 

K.—Fusarium clavaium, No, 4i» grown on potato glucose agar. Age 43 days. 

B. — Fusarium chvatum, No, 41, grown on oat agar. Age 4^ days. 

Q.-^Fusarium discolor var. sulphmfitmt No. 77, grown on lima bean agar. Age 7 
da^. (Hochkulture.) 

I). — Fusarium discolor var. sulpkursumt No. 77, grown on lima bean agar. Age ox 
days. (Altkulture.) 
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PLATE a 

A. — Fusarium sclerotiouUs var, breviut, No. 59, grown on Uma bean agar. Age 9 
days. 

B. — Fusarium trichothecioides^ No. 38, grown on oat agar. Age 45 days. 

C. — Fusarium clavatum, No. 41, grown on Uma bean agar. Age 12 aavs. 

D. — Fusarium culmorum, No, grown on lima bean agar. Age 10 days. 



A. — Fusarium solani, No. 95, grown on tomato leaves and stems. Age 37 days. 

B. — Fusarium solani^ No. 47, grown on toznato leaves and stems. Age 34 days. 
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determination of fatty acids in butter FAT: II ^ 

By E. B. Holland, Associate Chemist, and Mary E. Garvey, H. B. Pierce, Anne 

C. Messer, J. G. Archibald, and C. O. Dunbar, Assistant Chemists, Massachusetts 

Agricultural Experiment Station 

INTRODUCTION 

Since the publication of an earlier report (7) * on the subject, work 
has been continued under rather adverse conditions due to numerous 
changes in staff and other unavoidable interruptions. The study of 
techmcal methods for fat analysis was undertaken solely for the pur- 
pose of evolving some scheme for determining the constituents of butter 
fat, particularly the different fatty acids, whereby the influence of 
various physiological factors might be more accurately measured. Suffi- 
cient progress having been made in the methods to warrant their appli- 
(?ation, several experiments were planned with the view of obtaining 
information relative to the effect of breed, period of lactation, and of 
different oils and fats in the ration. The aim of each experiment was 
to determine some distinct phase of the problem, supplemental to the 
others, and finally to summarize all available data, as indicated by the 
following synopsis: 

I. Composition of butter fat: 

1. From the milk of mixed herd, grade Holsteins and grade 

Jerseys, fed normal rations. 

2. From the milk of single animals, grade Holsteins and grade 

Jerseys, comparatively fresh in lactation, fed normal rations. 

3. From the milk of single animals, grade Holsteins and grade 

Jerseys, fresh, intermediate, and late in lactation, fed normal 

rations. 

4. From mixed milk of grade Holsteins fed a normal ration with 

and without the addition of various oils and fats. 

II. Summary of data from Massachusetts and elsewhere, together 
with such general deductions as seem warranted. 

It is obvious at the outset that the number of trials will be too small 
and too limited in scope to furnish even a tithe of the information 
necessary to a full understanding of the problem, but the authors hope 
that the investigation may at least throw some light on a difficult sub- 
ject. All data, both descriptive and analytical, not deemed absolutely 
essential have been omitted to economize space. 

APPUCATION OP THE METHOD 

The cows used in the several experiments herein reported were ^ade 
Holsteins and grade Jerseys of the experiment station herd. They 
were housed in comfortable, well-lighted, and well- ventilated stables 


* Acxepted for publication July xz. igas. Contributifnx from the Department of Chemistry, Massachusetts 
Agricultural Experiment Station. Submitted with the approval of the Director of the Station. 

> Reference is made by number (itahc) to "Literature cited," pp. 397-398. 
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and turned out into the yard for several hours every day for exercise^ 
weather permitting. They were fed and milked twice daily, had access 
to water at all times, and in general received excellent care. 

The cream was separated by gravity (Cooley system) and churned 
as sweet as possible to preserve the several milkings required. The 
resulting butter fat was melted, filtered, and retained for analysis in 
glass-stoppered bottles in a partially darkened room. 

I. COMPOSITION OF BUTTER FAT 

1. FROM THE MILK OF MIXED HERD, GRADE HOLSTEINS AND GRADE 
JERSEYS, FED NORMAL RATIONS 

The analysis given in Tables I and II was published in the earlier 
article (7), but 3 ie percentage of oleic acid has been recalculated from 
the iodin number of the fat instead of from that of the insoluble acids, 
and the results are offered as probably typical of butter fat produced 
by grade animals under the care and feeding practiced at the experi- 
ment station. The figures may at least serve as a tentative basis for 
comparison in the other experiments. 

Table I . — Analysis of butUr fat 


Saponification number {$) (mgm.) 

Ether number (c) (mgm.) 

Iodin number 

Equivalent in oleic acid (per cent) 

Total fatty acids (T) {1.00—0.00022594 «) (per cent) 

Neutralization number (n) sfT (mgm.) 

Free fatty acid (A) o/n (per cent) 

Soluble fatty acids (S) {T—I) (per cent) 

Neutralization number (mgm.) 

Insoluble fatty acids (f ) by alcoholic potash (per cent) 

Neutralization number (mgm. ) 

Stearic acid (by crystallization) (per cent) 

Glycerol (0.00054703 e) (per cent). 


231-453 

3.183 

229.270 

27.999 

31-145 

94.819 

244.100 

.894 

7-319 

509.619 

87.500 

221.890 

13.010 

12.543 


Table II . — Fatty acids in butter fat 


I'*atty acids. 


Soluble acids; 

Butyric acid (by difference). 

Caproic acid 

Caprylic acid 

Capric acid 

Total 

Insoluble acids: 

Laurie acid 

Myristic acid 

Palmitic acid (by difference) 

Stearic acid 

Oleic acid 


Per cent 


3-^53 

1.360 


-975 

1.831 


7-319 


6.895 

32 . 6 x 8 

15-458 

11.384 

31*145 


87.500 


94.819 


Total . ... 
Total fatty acids. 
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As decomposition vitiates certain determinations in the analysis of 
oils and fats, the results fail to create a perfect entity, but with expe- 
rienced workers such errors may gradually be reduced to a minimum. 

2. FROM THE MILK OF SINGLE ANIMALS, GRADE HOLSTEINS AND GRADE 
JERSEYS, COMPARATIVELY FRESH IN LACTATION, FED NORMAL RATIONS 

The COWS in this test were fair types of their respective breeds and 
comparable in age. Cecile II had freshened more recently than the 
others. The Holsteins were a high-fat strain of moderate milk yield. 
The milk produced was the daily average for the period in which cream 
was saved for churning. The milk analyzed was a five-days* composite, 
taken about the same time as the cream samples. The feeds, both grain 
and roughage, were average products of their kind of which analyses 
were not considered necessary. The results of this test are given in 
Table III. 

Table III . — Records of cows and milk analysis 



Colautha IT. 

Samantha II. 

Cecile II 

Peggy 

Breed 

Grade Holstein — 

Grade Holstein. . . . 

Grade Jersey . ... 

Grade Jersey. 

Date of birth 

Oct. 14, 1914 

Aug. 18, 1909 . ... 

Dec. 18, 191a 

.. . 1910. 

Last calf dropped . . . . 

July 3. 1917 

Aug z6. 1917 

Oct. r9» 1917 

Aug 9. * 917 . 

Condition on calving . . . 

Good flesh 

Good flesh 

Good flesh 

Good flesh 

Date served 

Oct 23 , Z917 .... 

t.ooo pounds . , . 

Oct. 26, 1917 . 

Nov. 24, 19x7 

Nov. 8. 1917. 

Weight of animal 

Daily ration: 

1, 19a pounds 

700 pounds (?) 

780 pounds. 

Hay 

Alfalfa 

18 pounds 

34 pounds 

7 pounds 

4 s poxmds 

16 . .... 

17 pounds. 

Cora stover 




Gluten feed 

4 pounds. . 

4 5 pounds. . . . 

3. 8 pounds 1 

3 potmds. 

Wheat bran 



3.5 pounds . . 1 


Ground oats 

3 pounds 

a 5 pounds 

X pound. 

Cora bran . 

1 4 pounds 

4 pounds . . . 


1 4 pounds. 

Milk produced (daily 

Oct 32 to 35, 1917, 
33.7 pounds 

Oct. 26 to 39. 1917, 

Nov s to 8, 1917, 

' Oct. i8to2T, 191 7, 

; 17.6 pounds 

average), ‘ 

Milk analysis' 

Solids (gravimetric) , . 

29.7 pounds. 

34 3 pounds. 

13 3B P«r cent 

xa. 95 per cent . 

14. 43 per cent 

! x5 82 per cent. 

Fat (Babcock) . . 

4. 40 per cent . 

4 55 percent. . 

5 40 per cent . . . 

1 6 60 per cent. 

Protcids (N X 6 25) 

3 37 per cent . 

3. 23 per cent . 

3 40 per cent . , 

3. 98 per cent 

Lactose (by difference) 

4 87 per cent , . . 

4 47 per cent . 

1 4 92 per cent . . 

1 4. 45 per cent. 

Ash 

. 74 per cent . . 

. 71 per cent 

. 71 per cent 

i . 79 per cent. 


* For the days cream was saved (or churainff. 


ANALYSIS OF BUTTER FAT 

The methods employed for the ordinary analysis of butter fat have 
been described previously {8) . The use of glycerol potash for the deter- 
mination of insoluble acids and the preparation of stock has been super- 
seded, however, by alcoholic potash as less drastic in its action on the 
unsaturated acids; but even the latter under careful manipulation tends 
to induce intramolecular changes resulting in a loss of iodin absorptiem 
and to some extent an increase in alkali-consuming power due to in- 
stability of the resulting molecule, particularly with linolic, linolenic, 
and other highly unsaturated acids, as shown by Fittig, Varrentrapp, 
and Schrauth, summarized in another article (10, p. 362). Recent 
experiments, although incomplete, indicate that under control condi- 
tions such decomposition can be largely prevented with normal butter 
fat. The determination of stearic acid by crystallization from alcohol 
is unquestionably simple in theory but rather difficult in practice except 
in a cold, dry atmosphere, since condensed moisture is a vitiating factor. 
The analysis of butter fat is given in Table IV. 
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Table IV. — Analysis of butter fat 



Colantha 

II. 

Saxnantlm 

II. 

Cecile II. 

Pezzy. 

Saponification number (j). . . 


229.466 

230.324 

230.907 

230.968 

Acid number (a) 


.927 

2.386 

1.626 

3-657 

Ether number (e) 

lodin number 


228.539 

30.622 

34063 

227.938 

39.605 

33.931 

229.281 

» 8 .is 9 

3 i- 3»3 

227.311 

22.720 

25*373 

Equivalent in oleic acid 

.per cent. . 

Total fatty acids (T) (i.oo- 

-0.00022594 





*) 

Neutralization number 

. .per cent. . 
(») s/T 

94*836 

94.850 

94.820 

94.864 

Free fatty acids (A) ajn . . . 

. . . .mgm. . 

241 . 961 

242.830 

343*531 i 

1 243.473 

.per cent. . 

•383 

.983 

.668 I 

1 . 502 

Soluble fatty acids ( 5 ) (T’-I) 


! 


.per cent. . 

6.470 

7.033 

7.226 1 

6.510 

Neutralization number 

. . . mgm. . 

503.184 

513*356 

517.409 1 

495*637 

Insoluble fatty acids (I) by alcoholic 

! 

[ 

potash 

. .per cent. . 

88.366 

87.827 

87.594 ■ 

‘ 88.354 

Neutralization number. . . 

. .n^m. . 

222.835 

221. 197 

1 220.927 

224.893 

Stearic acid by crystallization 

13.398 

Glycerol (0.00054703 e) 

per cent . . 

13*709 

16.997 

20.321 ! 

.per cent. . 

12.502 

12 . 469 

12.542 j 

13.435 


The percentages of total fatty acids were 94.843 in the Holsteins and 
94.842 in the Jerseys and their neutralization numbers 242.396 and 
243.497 mgm., respectively. The percentages of free fatty acids were 0.683 
and 1.085, indicating a greater tendency to hydrolyze in the Jerseys. 
The percentages of soluble fatty acids were 6.747 and 6.868, and their 
neutralization numbers 508.270 and 506.523. The percentages of insol- 
uble fatty acids were 88.097 and 87.974, and their neutralization num- 
bers 222.016 and 222,910. The nature of these differences is apparent 
from the data, but the extent can not be actually apportioned with five 
components involved. The two breeds showed a remarkably close agree- 
ment in the several groups of fatty acids and of glycerol, but the propor- 
tion of high molecular weight acids in the insolubles was slightly more 
pronounced in the Holsteins. 

The composition of neither breed conformed particularly to that of the 
herd sample (Table I), although the difference in actual percentage of 
soluble and of insoluble acids was more appreciable than the difference in 
proportion of constituent acids in each group, as indicated by the neutrali- 
zation numbers. 

ESTERIFICATION PROCESS 

The method (7) of esterification, purification, and fractionation of the 
ethyl esters remains substantially as published. Attention might be 
called, however, to some minor modifications that have since been 
adopted. Alcohol for esterification is prepared by distilling approxi- 
mately 2 liters in a water bath over 600 to 700 gm. of granulated caustic 
lime (95 per cent CaO) and 30 to 40 gm. of yellow ceresin wax and re- 
distilling over fresh lime and ceresin until free from water, as indicated 
by the absence of lime from solution. On the final distillation the first 
and last portions are rejected for additional treatment and the main por- 
tion is preserved. This process has proved the most reliable so far tested. 
Three cc. of concentrated sulphuric acid have been substituted as a 
catalyzer in place of dry hydrochloric acid at a material saving in 
time and convenience and considerable gain in eflftciency. 
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A second extraction of the alcoholic residue and combined washings 
with ether is no longer considered necessary. A “high'" side tube dis- 
tillation flask is employed in both the preliminary distillation of the esters 
and the fractionation. The number of fractions has been increased to 7. 
Fraction i, ranging to about 100® C.®, is the most volatile portion derived 
from the esters, largely ether but containing considerable ethyl butyrate. 
It is made to a volume of 500 cc. with ether and the alkali-consuming 
power of an aliquot is determined; from this the grams of ethyl butyrate 
can be calculated. Fractions 2 to 6 are now largely determined by 
weight, a small Troemner scale with prepared counterpoise being used, 
since the temperature uncorrected and influenced by the speed of distilla- 
tion has not proved entirely a safe guide. The content of ethyl oleate is 
no longer considered a prominent factor. By using an adapter on the 
end of the condenser little difficulty is encountered in changing flasks. 
The recovery in fractions 2 to 7 has been greatly increased and now 
averages 185 gm. from 300 gm. of butter fat, with a maximum of 216 gm. 
thus far. 

Table V . — Weight and analysis of fractions {ethyl esters) 


COLANTHA II 


Fraction No 

Range of 
fraction. 

Weight of j Saponification 

fraction ' number. 

Todin number. 

Ethyl oleate 


“C. 

db 70 to 90 

90 to 165 
165 to 217 
217 to 257 
257 to 286 
28610317 
317 to 332 

Gm 

Mem. 

01,453-197 

396.205 

337-924 

267 . 689 
238.602 
218.942 
200 959 


Per cent. 

1. 

5-6093 

3-9590 
6.4436 
13-7516 
57.4804 
97.4166 j 

3 - 776 
7.241 
11.872 
14 2t6 
16.275 
22.324 

4.618 

8.854 

14.518 

17-384 

19.902 

27.299 

j 

( 

5 

5 

7 

Total 

184.6605 






SAMANTHA II 


I 

± 70 to 90 

90 to 166 


« 1,655. 186 
385.988 



2 

5.5964 

5-055 

6.182 

3 

166 to 2 18 

3.9766 

335.668 

8.944 

10.937 

4 

218 to 258 

5-4594 

270.757 

12.834 

15.694 

5 

258 to 286 

14.2372 

238.847 

14.605 

17.860 

6. .. , 

286 to 317 

53-7426 

217.020 

16.714 

20.439 

7 

317 to 327 

1 79-3705 

200.880 

19.797 

24.209 

Total 


! 162.3827 




i 






CECILS II 



±70 to 100 
100 to 170 
170 to 220 
220 to 261 
261 to 286 
286 to 318 
318 to 326 


<> 2 , 084.412 

405.373 

357.188 

287.805 

249.297 

218.974 

204.804 



Total 

5-6765 

4.0712 

4.6266 

8.5821 

55-737» 

71.7496 

150.4432 

2,048 

3.725 

7.613 

TO . 207 

14.914 
19.707 1 

2 . 504 
4-555 

9-309 

12.481 

18.238 

24.098 







Total alkali-coDsuming power d the fraction. 

' With a minimum of too* C. the complete elimination of ether and alcohol is more definitely assured; 
otherwise these might vitiate fraction a. 
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Tabi<« V . — Weight and analysis of fractions — Continued 
PEGGY 


Fraction No. 

Range of 
fraction. 

Weight of 
fraction. 

Saponification 

number. 

lodm number. 

Ethyl oleate. 


“C. 

± 70 to 90 
goto 167 
167 to 220 
220 to 260 
260 to 286 
286 to 317 
317 to 328.5 

Gih. 

4 - 5351 
4.3029 

5- 7014 

14.9828 

54-2113 

92.9064 

176.6399 

Mom. 

01,239.987 
412 . 882 
343.102 
273.896 
240.286 
218. 762 
203.218 


Per cent. 

2 

3 

4 

5 

6 

7 

Total 

2.279 

5-383 

9-093 

11.265 

12.135 

14.813 

2.787 

6.583 

XI. 1x9 
13-775 
14.839 
18.114 







<» Total alkali-consuming power ol the fraction. 


Table VI . — Fatty acids in butter fat 


Patty acids. | 

Colantba II 

Samantha II. 

Cecile II. 

Pesgy. 

Soluble acids: 

Butjrric acid (by difference) 

Caproic acid 

Capiylic acid 

Capnc acid 

Total 

Insoluble acids: 

Lauric acid 

Myristic acid 

Palmitic acid (by difference) 

Stearic acid 

Oleic acid 

Tbtal 1 

Per cent. 
2.260 
1.588 
.648 

1.974 

Per cent. 
2.928 
1.688 
•744 
1.663 

Per cent 
3.007 
1-794 
.881 
1.544 

Per cent. 
2.726 
1.290 
•779 
I-7IS 

6.470 

7.023 

7.226 

6.510 

7.618 
X9.768 
14.803 
12.114 
34 063 

6.317 

17.455 

16.196 

14.928 

32-931 

5.616 
i 20.534 

I 12.321 
17.800 

I 31.323 

6.598 
21.782 
22 . 863 
t 11.838 

25.273 

88.366 

87.827 

87.594 

88.354 

Total fatty acids 

94.836 

94-850 

94.820 

94.864 


The percentage of butyric acid was 2.594 the Holsteins and 2.867 
in the Jerseys; of caproic acid, 1.638 and 1.542; of caprylic acid, 0.696 and 
0.830; and of capric acid, 1.819 and 1.630. The dijfferences were com- 
pensating, the high percentages alternating, but were not suflSciently 
indicative to warrant deductions. The percentage of lauric acid was 
6.968 in the Holsteins and 6.107 in the Jerseys; of myristic acid, 18.612 
and 21.158; of palmitic acid, 15.500 and 17.592; of stearic acid, 13.521 and 
14.819; and of oleic acid, 33.497 and 28.298. The outstanding feature 
was the low oleic acid content of Peggy*s fat, which necessarily affected 
the resuite. Despite this fact, however, a lower percentage of myristic 
and stearic acids and a higher percentage of oleic acid appeared to be 
characteristic of the Holsteins as contrasted with the Jerseys. 

As compared with the herd sample (Table II) neither breed showed 
any appreciable differences to which attention has not already been 
called. That the percentage of caproic acid in the herd sample was 
apparently abnormal, being noticeably lower than is indicated by a 
subsequent average, is taken into consideration. 
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3. FROM THE MII,K OF SINGI^E ANIAALS, GRADE HOI^TEINS AND GRADE 
JERSEYS, FRESH, INTERMEDIATE, AND I^ATE IN JACTATION, FED NORMAL 
RATIONS 

The COWS were grades, the Jerseys on the average were appreciably 
older, but all had freshened within a few weeks. Cecile II was the 
same cow used the year previous. The Holsteins were a 4 per cent strain 
of fair milk yield. Fancy III, although a high-grade Jersey, did not 
produce as rich milk as many of that breed. 

In the sampling of milk and cream there was an interval of four 
months ^ between the so-called fresh and intermediate periods of lactation 
and an additional three months * to the late period, during which time 
the milk yield decreased nearly 32 per cent in the Holsteins and 28 
per cent in the Jerseys, and in general the percentages of solids and fat 
increased but not as consistently as might have been expected. 

The same grain mixture and similar hay were fed throughout the 
different lactation periods, but the amounts varied as stated. Analysis 
of the hay and various grains indicates their quality (Table X). 

Table VII . — Records and analysis of milk from cows fresh in lactation 


Colantha. 


Samantha IV. 


Cedlen. 


Fancy III. 


Breed 

Date of birth . . 

Last calf dropped , . 

Condition on calvmiT • • 
Date served . 

Weight of animal 
Daily ration 


Grain mixture .... 
Cottonseed meal, so 
per cent. 

Gluten feed, ao per 
cent. 

Wheat bran, 30 per 


Grade Holstein 
Nov 16, 1913 
Aug. 90 , 1918. 
Good flesh . 
Dec 9. 1918 
Z.I9S pounds . 

96 pounds 
19 pounds 


Grade Holstein 
Aug. 95, 1914 • • • 

Oct. 6, 1918 

Good flesh 
Nov 15, 1918 
z,zi3 pounds 


Grade Jersey 
Dec 18, 1919 
Aug 96, Z918 
Thin 

Jan. 9, 1919 . 
713 pounds . 


94 pounds . . 
za pounds. 


x8 pounds 
8 pounds . . 


Grade Jersey 
Aug zz, Z908. 
Oct Z9. 19x8. 
Thin 

Mar 26, 19x9 
863 pounds. 

99 pounds. 

9 pounds. 


cent. 


Com feed meal, 30 
per cent. 

Milk produced (daily 
average) * 

Milk analsrais; 

Solids (gravimetric) . 

Fat (Babcock) 

Proteids (NX6.95), . . . 
Lactose (by difference) 
Ash 


Sept. 93 to 96. Z918, 
33.5 ixounds. 

z 9.47 per cent. .. 
3.93 percent .. .. 

3 .Z 9 percent 

4.69 per cent . 

• 7J pet cent 


Oct 3z to Nov 3, 
S9 z 8,4Z.4 pounds. 

za.So per cent 
4.38 per cent. . 

3.09 per cent .... 

4.69 per cent 

. 7Z per cent 


Sept. 93 to 97 , Z918, 
33-7 pounds. 

*4 43 per cent . , . 

5 20 per cent ... . 

3.66 per cent 

4.85 per cent . . . 

. 72 per cent ... 


Oct 31 to Nov. 3, 
*9*8,33.5 pounds. 

Z2 50 per cent. 

4 z8 percent. 

3.06 per cent. 

4,sz percent. 

• 75 per cent. 


> For the days cream was saved for churning. 

Table VIII . — Records and analysis of milk from cows intermediate in lactation 



Colantha 

Samantha IV. 

Cecile II. 

Fancy III. 

Weight of animal 

Daily ration: 

Hay 

X. 280 pounds ... 

*.*63 pounds . . 

753 pounds. . . 

878 pounds. 

90 pounds 
xo pounds. 

Jan. 30 to Feb. 9, 
*9x9, 99 8 pounds 

13.00 per cent. 

4 80 per cent. 

3 zo per cent. 

4. 40 jier cent 
. 70 per cent. 

Grain mixture 

Milk product (daily 
average). * 

Milk analyais: 

Solids (gravimetric)... 

Fat (Baboodc) 

Proteids (NX6.a5) 

Lactose (by dijGFerence). 
Ash 

13 potmds 

Jan. 26 to 39, X9Z9, 
27.9 poxmds. 

19.84 per cent 

4.98 per cent 

3.39 per cent 

4 59 per cent 

.73 per cent 

X3 pounds 

Jan, 30 to Feb. », 
*9*9>33>6 pounds. 

19.66 per cent 

4.95 per cent 

3.07 per cent 

4.68 per cent 

.66 per cent 

8 pounds 

Jan. 96 to 99, X9Z9, 
Z6.7 pounds. 

*5 5* pc* cent . . . 

6,13 percent 

4.X0 per cent 

4. 58 per cent. ... 
.71 percent j 


1 For the days cream was saved for churning. 
* Approaciraate length of oerV<i 
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Table IX. — Records and analysis of milk from cows late in lactation 



Colantha. 

Weight of animal . . . 

1.336 pounds 

Daily ration: 


Hay 

aa pounds 

Grain mixture . . 

13 pounds 

Milk produced (daily 

Apr. 23 to 30, 1919, 
33.5 pounds 

average). * 

Milk analysis* 

Solids (gravimetric) . . 

13.4s cent 

Fat (Babcock) . ... 

4.6s per cent 

Proteids (NX6 as) 

3 5a per cent 

Lactose (by difference). 

4 54 per cent 

Ash 

. 74 per cent . . 


Samantha IV 


Cecile II. 


Fancy III. 


1,196 pounds 


730 poimds. 


899 pounds. 


sa pounds 

13 pounds 

Apr. 19 to as, 1919, 
27.7 pounds. 


x6 pounds 

8 pounds 

Apr 19 to 23. 1919, 
16.6 pounds. 


ao pounds 
10 pounds. 

Apr. ai to 37, 19x9, 
35. 1 pounds. 


13.Z3 per cent 
4.40 per cent . 

3 18 per cent 

4 8s per cent . 
.69 per cent 


15 07 per cent.. 
5.80 per cent 
3.93 per cent . . 
4 64 per cent . . 
.70 per cent 


13.00 per cent. 
4.80 per cent. 
3.37 per cent. 
4 19 per cent. 
.74 per cent. 


> For the days cream was saved for churning. 


Table X. — Analysis of feeds 


Moistixre 

Dry matter: 

Ash 

Protein (NX6.25) 

Fiber 

Extract matter . . 
Fat 


i 

Hay. 

Cottonseed 

Gluten 

Wheat 

Com feed 

1 

meal. 

feed 

bran. 

meal. 

i 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 


12. 35 

7* 50 

9* 32 

II. 90 

16. 70 


6.03 
8. 09 

6. 06 

38-51 

4. 08 
26.77 

6. 93 
16.44 

I- 55 
10. 31 


I 30. 16 

14. 18 

8.49 

II. 84 

2.38 


53- 07 

34. 10 

56.81 

59-31 

84.37 


' 2.65 

7-15 

3-85 

1 

5-48 

1.49 


Table XI, — Analysis of butter fat from cows fresh in lactation 


Saponification number (j) fmgm.). 

Acid number (a) fmgm.) 

Ether number (e) (mgra ) 

lodin number 

Equivalent in oleic acid .... (per cent) . . 
Total fatty acids (T) (1.00—0.00022594 e) 

(per cent) 

Neutralisation number (n) (s/T) 

(mgm.). 

Free fatty acids (A ) afn . . . (per cent) 
Soluble fatty acids (S) (T-/)(per cent) . 

Neutralization number (mgm.) 

Insoluble fatty acids (/) by alcoholic 
potash ... .... (per cent) , 

Neutralization number. . (mgm.) . 
Stearic acid by crystallization 

(per cent) . . 

Glycerol (o, 00054703 e) ... (per cent) . 


Colantha. 

Samantha 

IV 

Cecile II. 

Fancy III. 

232. 561 
2.850 
229. 711 

30- 135 
33- 521 

233 016 

I. 663 

231-353 

28. 285 

31*463 

232. 456 

I. 997 
230* 459 
26. 900 
29. 922 

235- 333 
2. 803 
232. 53«> 
25* 477 
28. 340 

94. 810 

94. 773 

94- 793 

94. 746 

245. 292 

1. 162 

7. 668 
513-641 1 

245. 867 
.676 
8. 008 

505* 132 

245. 225 
. 814 
7. 382 
509. 428 

248. 383 
I. 128 
8. 6oi 
510. 662 

87. 142 1 
221. 678 j 

86. 765 
221.939 

87.411 
222. 913 

86. 145 
222. 196 

*7-399 1 
12. 566 1 

18. 669 
12. 656 

1 23. 304 

12. 607 

2a 991 
12. 720 


The ijercentages of total fatty acids were 94.792 in the Holsteins and 
94.770 in the Jerseys and their neutralization numbers 245.580 and 
246.804 mgm., respectively, indicating a slightly smaller proportion of 
high molecular weight acids in the Jerseys due to Fancy Ill's fat. The 
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percentages of free fatty acids were 0.919 and 0.971. The percentages 
of soluble fatty acids were 7.838 and 7.992, and thdr neutralization 
numbers^ 509*387 <^tid 5 10.045, respectively. 'Hie percentages of insoluble 
fatty adds were 86.954 and 86.778, and their neutralization numbers 
221.809 and 222.555. percentage was exceptionally low in Fancy 
Ill's fat. The percentages of glycerol were 12.611 and 12.664. 

The two breeds contained similar quantities of the several groups of 
fatty acids and of glycerol, and their acid mixtures, both soluble and 
insoluble, were of like character, although the neutralization number of 
the insoluble was slightly higher in the Jerseys. 

Both breeds exceeded the herd sample (Table I) materially in soluble 
fatty acids. 

Tabl® XII . — Analysis of butter fat from cows intermediate in lactation 


Saponification number {s) (mgm.). . 

Acid number (fl) (mgm.).. 

Ether number (e) (nigm. ) . . 

lodin number 

Equivalent in oleic acid. . . (per cent). . 
Total fatty acids (T) (1.00—000032504 

e) (per cent) . . 

Neutralization number (n) 

[sjT) (mgm.).. 

Free fatty acids (A) ajn (per cent) 

Soluble fa^ acids ( 5 ) (T-/) (per cent). 

Neutralization number . ..(mgm.).. 

Insoluble fatty acids (/) by alcoholic 

potash (per cent) . . 

Neutralization number (mgm.) . . 

Stearic acid by crystalliza- 
tion (per cent) . . 

Glycerol (0.00054703 e) — (per cent) . . . 


Colantha. 

Samantha 

IV. 

Cecilc II. 

Fancy III. 

329.741 

1.646 

228.095 

31*501 

35*040 

229.190 

2.029 

227.161 

31.189 

34-693 

231.781 

2.728 

229.053 

24.382 

37.122 

334.107 

1*732 

232.375 

. 26.750 
29.756 

94.846 

94 . 868 

94.825 

94*750 

242.325 

.680 

6.744 

535-083 

241.588 
. 840 
6.703 
539*370 

344*430 

I. il6 

6.773 

537.122 

247*079 

.701 

7*543 

538.345 

88.102 

319.808 

88.165 

218.949 

88.052 

333.687 

87.208 

1 221.889 

[ 

16.923 

12.477 

i 7 * 73 » 

12.436 

20.493 

12.530 

18.287 

12.7x3 


The percentages of total fatty adds were 94.857 in the Holsteins and 
94.788 in the Jerseys, and their neutralization numbers 241.907 and 
245 755 mgm., respectively. The percentages of free fatty acids were 
0.760 and 0.908. ^e percentages of soluble fatty adds were 6.724 and 
7,158, and their neutralization numbers 537.227 and 532.734, which 
were considerably higher than usual. The percentages of insoluble fatty 
acids were 88.134 in the Holsteins and 87.630 in the Jerseys, and their 
neutralization numbers 219.379 and 222.288. The percentages of glyc- 
erol were 12.452 and 12.621, a noticeable difference. 

The Holstdns exceeded the Jerseys in total and insoluble fatty acids 
and contained a considerably higher proportion of high molecular weight 
adds in the insolubles. The Jerseys suffered a smaller loss of soluble 
acids and of glycerol. 

The Holsteins exceeded the herd sample (Table I) in insoluble acids 
with a corresponding loss of soluble adds and a material loss in neutrali- 
sation numb^ of tiie insolubles. The Jerseys averaged substantially 
the same as the herd sample. 

39362—23 % 
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TabliS XIII . — Analysis of huiier fat from cows late in lactation 



Colantha. 

Samantha 

IV. 

CecUe II. 

Fancy III. 

Saponification number {s) (mgm.) 

224. 626 

225. 709 

aso. 834 

231. 259 

Acid number (a) (m^.) 

2.440 

2. 701 

3- 161 

2.432^ 

Ether number (e) (mgm.) 

222. 186 

223. 008 

227. 673 

228. 827 

lodm number 

36. 241 

33 - 649 

26. 952 
29. 980 

29. 472 

Equivalent in oleic acid . (per cent) 

40.313 

37 430 

3 *- 783 

Total fatty acids ( T) ( i .00 — 0,00022 594 e) 





... (percent).. 

94. 980 

94. 961 

94- 856 

94. 830- 

Neutralization number («) (s/T) 


^ , .(mgm.). 

236. 498 

237. 686 

243 - 352 

243 * 867 

Free fatty acid (A) a/n . ... (per cent) 
Soluble fatty acids (S) (T —I) 

I. 032 

I. 136 

I. 299 

•997 



(per cent) 

6. 509 

6. 577 

7. 232 

7* 526 

Neutralization number . (mgm.) 

519- Sri 

519* 340 

516. 081 

1 

527. 106 

Insoluble fatty acids (I) by alcoholic 

IKDtash (per cent) 

88. 471 

88. 384 

87. 624 

87. 304 

Neutralization number (mgm.) . 

215. 676 

216. 727 

1 

220. 842 

219. 450 

Stearic acid by crystalization 


(per cent) . 

21. 628 

20. 399 

1 21*033 

21. 512 

Glycerol (0.00054703 e) (percent) 

12. IS4 

i 12. 199 

12 * 454 

12. 518 


The percentages of total fatty acids were 94.971 in the Holsteins and 
94.843 in the Jerseys, and their neutralization numbers 237.092 and 
243.610 mgm., respectively. The percentages of free fatty acids were 
1.084 and 1.148. The percentages of soluble fatty acids were 6.543 and 
7.379, and their neutralization numbers 519.426 and 521.594, which were 
appreciably high. The percentages of insoluble fatty acids were 88.428 
and 87.464, and their neutralization numbers 216.202 and 220.146. 
The percentages of glycerol were 12,177 and 12.486, which was decidedly 
low in the Holsteins. 

The Holsteins further exceeded the Jerseys in total and insoluble fatty 
acids, with a still greater difference in neutralization number of the insol- 
ubles. The Jerseys maintained a high soluble acid content and only a 
moderate loss of glycerol. 

The Holsteins exceeded the herd sample (Table I) in total and insolu- 
ble fatty acids by a larger amount than in the previous period and with 
a greater loss in neutralization number of the insolubles and of glycerol. 
The Jerseys again averaged practically the same as the herd sample 
except for an appreciable loss in neutralization number of the insolubles. 

Tablb XIV . — Weight and analysis of fractions of milk from cows fresh in lactation {ethyl 

esters) 

COLAinrHA 


Fraction No. 

Range of 
fraction. 

Weight of 
fraction. 

Saponification 

number. 

lodin number. 

Ethyl oleate. 


•c. 

±70 to 85 

85 to 145 

145 to 190 

190 to 230 

230 to 278 

278 to 310 

310 to 328.5 

Gm. 

Afem. 

a 1,472.835 

398*375 

361,366 

283.442 

242.332 

214.019 

197.332 


Per cent. 

3 

5 

6 

7 

Total 

5.6846 

5.1990 

3*8515 

13*9373 

57*5422 

128,4525 

214.6671 

2.098 

4.514 

10.292 

14.2^ 

19.080 

26.687 

2.565 

12.586. 

17.44& 

23*331 

32.634 







a Total alkali'Coiistuniiig power of the fractkm 
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Table XIV. — Weight and analysis of fractions of milk from cows fresh in lactation {ethyl 

esters) — Continued 

SAMANTHA IV (260.I GM. OF FAT) 


Fraction No. 

Range of 
fraction. 

Weight of 
fraction. 

Saponification 

number. 

lodin number. 

Ethyl oleatc. 


•c. 

Gnt. 

Mgm. 


Per cent. 


±70 to 80 


1,329.760 




80 to 141 

4-2II5 1 

'391.789 

3.229 

3-948 

3 

141 to 186 

4.9620 

377.169 

4-997 

6, III 


186 to 224 

3.M7S 

290.948 

8-754 

10.705 

5 

224 to 271 

IO-8334 

242.858 

12.122 

14.823 

6 

271 to 306 

45.2200 

216.148 

15-072 

18.430 


306 to r 

87.4847 

199.026 

20.981 

25.656 

Total. . . . 


i«;6.300i 





CECILE II (261.96 GM. OF FAT) 


1 

± 70 to 80 
80 to 144 
144 to 191 
X91 to 220 
220 to 259 
259 to 310 
310 to 325 


0 1,085.690 

397.378 
345.943 

279.378 
242.983 
214.861 
197.850 


, — — , 

2 

3 

4 

5 

6 

7 

Total 

4 . 6898 

5 0743 

3 7697 
11.5881 
47 8509 
96.3112 

2.622 

4.517 

7.469 

10.301 

14-929 

21.972 

3.206 

5.523 

9.133 

. 12.596 
18.256 
26.868 

169.2839 

Fancy 



— -■ 

:: : i „ 

II 

- 

j 

± 70 to 82 

1 

« 1,822.107 



2 

82 to 125 

5-9548 

414.095 

2.389 

2.921 

3 

125 to 155 

5-6521 

376.234 

3.962 

4.84s 

4 

155 to 192 

4.1875 

295.894 

7.721 

9.441 

5 

192 to 254 

13-4642 

244.204 

11.283 

13.797 


254 to 298 

55-5961 

215.916 

14.377 

17.581 

7 

298 to 314 

104.4243 

199 . 966 

19.299 

23.599 

Total 

1 

189.2790 







i 


o Total alkali-consuming power of the fraction. 


Table XV . — Fatty acids in butter fat from cows fresh in lactation 


Fatty acids. 

Colantha. 

Samantha 

IV. 

Cecile H. 

Fancy III. 

Soluble acids: 

Butyric acid (by difference) 

Caproic acid 

Capiylic acid 

Capnc acid 

Total 

Per cent. 

' 3-179 

2.210 
.778 
1.501 

Per cent. 

Per cent. 
2.998 

1 857 

1 1-030 

1.497 

Per cent. 
4.230 
2,400 

.714 

1.257 

7.668 

8.008 

7.382 

8.6oi 

Insoluble acids: 

Laurie acid 

Myristic acid 

Palmitic acid (by difference) 

Stearic acid 

Oleic acid 

Total 

4.949 

20.129 

13.381 

15.162 

33-521 

4 831 

18.445 

15.828 
16. ig8 

31-463 

4-533 

19.097 

13-419 

20.370 

29.992 

4.804 

20.746 

14.172 

18.083 

28.340 

87.14a 

86.765 

87.411 

86.145 

Total fatty acids 

94.810 

94.773 

94.793 

94.746 
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The percentage of butyric acid was 3.179 in the Holsteins (i sample) 
and 3.614 in the Jerseys; of caproic add, 2.210 and 2.129; of caprylic acid, 
0.778 and 0.872 ; and of capric add, 1.501 and 1.377. The differences were 
not pronounced, but there was a tendency toward a higher content of 
butyric and caprylic acids in the Jerseys. 

The percentage of laiuic acid was 4.890 in the Holstdns and 4.669 in 
the Jerseys; of myristic acid, 19.287 and 19.922; of palmitic acid, 14.605 
and 13.796; of stearic add, 15.680 and 19.227; and of oleic add, 32.492 
and 29.166. The percentage of myristic and stearic acids was lower and 
that of oleic acid higher in the Holstdns than in the Jerseys. 

The soluble adds of the Holsteins were of the same general character 
as those of the herd sample (Table II), differing somewhat in total but 
more particularly in the amount of each acid in the mixture, although 
•such differences were largely compensating. This was equally true of 
the insolubles. In the Jerseys these differences were even more marked 
than in the Holsteins. 

Tabl^ XVI. — Weight and analysis of fractions of milk from cows intermediate in lactation 

{ethyl esters) 

COLANTHA 


Traction No. 

1 

Ranee of 
fraction 

•c. 

± 70 to 80 
80 to 148 
148 to 210 

2 10 to 248 
248 to 283 
283 to 3 18 
31810332 

Weieht oi 
fraction 

Saponification 

number. 

lodin number. 

Ethyl oleate. 

Cm. 

Mgm. 

01,397.089 

392.083 

350.465 

273.351 

238.216 

2 X4 . 841 

198.452 1 


Per cent. 

2 

3 

4 

1 .:;. 

7 

Total 

5 5029 
5-7301 

4.1855 

13.0994 

54.5059 

iio.i8o8 

3.113 

6.245 

11.659 

15.290 

18.830 

25.566 

3.806 

7-637 

18.697 
23 . 026 
31.263 


193.2046 





j 





SAMANTHA IV 


±70 to 80 
80 to 139 
139 to 195 
195 to 235 
235 to 275 
275 to 315 
315 to 329 

5-4437 

5-6695 

4-3474 

13-3353 

54.8424 

108.1717 

0 1,383.062 
397.596 
351.131 
269.935 
236.493 

213.021 

198.017 



2.984 

6.143 

11.561 

14.739 

18.383 

25.176 

3-649 

7.513 

14.137 

18.023 

22.480 

30.786 


191.8100 









CBCll.a II 



±7oto 80 
80 to 153 
153 to 218 

2 18 to 257 
257 to 287 
287 to 317 

317 to 336 


®i» 377 - 45 i 

390.056 

340.175 

273.495 

240.218 

216,355 

198.795 



[ 

Total 

5-4392 

5-8774 

4.4113 
13-3860 
54.8585 
131. 1700 

3.688 
4.798 
8.220 
10. 728 
13.844 
20.386 

3.387 

5-867 

10.052 

I3-II9 

16.929 

24.929 


215. 1433 










« Total ancaliHxmsumiiiK power of the fmction. 




May s* 


Fatty Acids in Butter Fat 


377 


Table XVI. — Weight and analysis of fractions of milk from cows intermediate in 
lactation {ethyl esters ) — Continued 

FANCY in 


Fraction No. 

Range of 
fraction. 

Weight of 
fraction. 

Saponification 

number 

lodin number. 

1.797 

3.901 

8.069 

12.093 

15-754 

21.291 

Ethyl oleate. 

3 

4 

s 

6 

7 

Total 

•c 

±70 to 80 
80 to 132.5 
132.510 180 
180 to 216 
2x610264 
264 lo 308 
30810327 

Gm 

5-3816 

5.6924 

4 0433 
12.9128 
54.4026 
109. 9412 

Mffm. 

“ 1,500.889 
40Z . 690 
364.612 
291.181 
245.121 
216.675 
200.142 

Per cent 

2.197 

4.770 

9.867 

14.788 

19.265 

26.035 


> 9* -3739 










a Total alkalUconsumitiK powt r of the fraction. 

Table XVII . — Fatty acids in butter fat from cows intermediate in lactation 


Fatty acids. 

Colantha. 

Samantha 

IV. 

Cecile II. 

Fancy III. 

! 

Soluble acids: 

Buiyric acid (by difference) 

Caproic acid 

Caprylic acid 

Capric acid 

Tolal 

Insoluble acids: 

Lauric acid 

Myristic acid 

P^mitic acid (by difference) 

Stearic acid 

Oleic acid 

Total 

Total fatty acids 

Per cent . 

2-525 

2.1x8 

• 763 
1-338 

f Per cent . 

2.777 

2 . 029 
.660 
1.237 

Per cent . 

2 . 492 

1 . 862 

1 . 041 

1-378 

Per cent , 
3.028 
2.253 
.881 
1.380 

6.744 

6.703 

6-773 

7-542 

5-409 
19. 188 
13-555 
14 910 
35 040 

4 534 
19.624 
13.681 

15-633 

34 693 

S-403 

21.287 
16.196 
18 . 044 
27.122 

5-272 

20.763 

15.469 

15.948 
29 756 

88 . 102 

88.165 

88.052 

87.208 

94.846 

94 . 868 

94 825 

94.750 


The percentage of butyric acid was 2.651 in the Holsteins and 2.760 in 
the Jerseys; of caproic acid, 2.074 2.058; of caprylic acid, 0.712 and 

0.961 ; and of capric acid, 1.288 and 1.379. main the results con- 

finned those of the previous period as to breed differences. 

The percentage of lauric acid was 4.972 in the Holsteins and 5.338 in 
the Jerseys; of myristic acid, 19.406 and 21.025; of palmitic acid, 13.618 
and 15.833; of stearic acid, 15.272 and 16.996; and of oleic acid, 34.867 
and 28.439. The breed differences as to myristic and oleic acids were 
more decisive than in the previous period. 

In ^e Holsteins all the soluble acids decreased in the second period, 
butyric most of all, and nearly all the insolubles increased, particularly 
oleic acid, but the agreement with the herd sample (Table II) was not 
materially improved. In the Jerseys the butyric and caproic acids de- 
creased, and several of the insolubles increased, but stearic and oleic 
acids decreased, as a whole substantially conforming to the herd sample. 
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TabI/Q XVIIL — Weight and analysis of fractions of milk from cows late in lactation 

{ethyl esters) 

COLANTHA 


Praction No. 

Range of 
fraction. 

Weight of 
fraction. 

Saponification 

No. 

lodin No. 

Ethyl oleate. 

I 

•c. 

± 70 to 90 

90 to 146 
146 to 21 1 
211 to 243 
243 to 283 
283 to 310.5 
3 io.sto 33 i.s 

Cm. 

Mem. 

Ol, 366. 230 
400. 958 
355 - 525 
282. 435 
244. 859 
220. 233 
202. 637 


Ptr cmt. 

2 

3 

4 

5 

6 

7 

Total.. . 

I 

4-6359 
4. 8609 
4. 1081 
14. 2259 
52 - 3540 
67. 4810 

10. 366 
14. 466 

15. 9*8 
18.799 
* 3 - 84s 

7.845 

12. 676 
17.689 

* 9-477 
22. 988 
39* X58 


147. 6658 








SAMANTHA IV 


I 

i 70 to 90 

90 to 140 1 
140 to 207 
207 to 244 
244 to 280 
i 280 to 31 1 
311 to 326 


01,371.841 1 
404.831 
357- 845 
285. 900 
243- 531 
218. 164 
202. 061 



2 

4-675* 

4-8510 

3.9896 

*4.3177 

$ 3 . 8214 

71. 0477 

4. 620 
8.077 
12. 249 
14- 524 
17- 529 

22. 429 

5.650 
9.877 
*4-979 
*7- 761 
2*. 435 
*7-4*7 

2 

4 

K 

6 

7 

Total 

1 

151. 7036 










CBCILB n 


X 

±70 to 90 


“1. 357- 814 



2 

90 to 147 

5. 0608 

406. 357 

5* 070 

6. 200 

3 

147 to 191 

5*3511 

35*- 78* 

7.401 

9.050 

4 

191 to 231 

4.9009 

282. 018 

10. 028 

12. 263 

5 

231 to 277 

14. 33^ 

245* X02 

iz. 208 

13. 706 

6 

277 to 304 

52. 3918 

220. 609 

13. I4I 

16. 069 

7 

304 to 321 

86. 4479 

202. 460 

18. 036 

22. 055 

Total 


168. 4913 








I 


I 

i 

± 70 to 80 


i 

®i, 402. yoo 



2 

80 to 143 

4* 7734 

390- 7*5 

4.607 

3-634 

3 

143 to 199 

s- 36*5 

369- 784 

6.796 

8.311 

4 

X99 to 23s 

4- 1495 

289. 912 

10. 379 

12. 692 

5 

235 to 279 

14. 2308 

244. 922 

12.682 

15*508 

6 

279 to 310 

53* 1995 

218. 487 

15- 436 

18. 876 

7 

jiot0 327 

89. 7879 

200. 926 

20. 772 

25. 401 

Total 


171. 5026 










o Total allcali-consummK power of the fraction. 
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TablB XIX . — Fatty acids in butter fat from cows late in lactation 


Fatty acids. 

Coiantha. 

Samantha 

IV. 

Cecile 11. 

Fancy III. 

Soluble acids: 

Butyric acid (by difference) . . 

Caproic acid 

Caprylic acid 

Capnc acid 

Per cent. 

2. 24X 

1- 765 
•653 

I. 850 

Per cent. 

2. 494 
I. 784 

• 733 i 
1. 566 

Per cent 

2. 864 
I. 726 

• 857 
1- 785 

Percent. 

3- OS9 
2. 301 
. 616 
I- 550 

Tbtal ..i 

6. 509 

6. 577 

7. 232 

7. 5*6 

Insoluble acids: 

Eauric acid 

M37ristic acid 

Palmitic acid (by difference) 

Stearic acid 

7.687 
IS- 554 
5. 782 
19- 135 
40-313 

6. 593 

17- 059 
9.274 
x8. 029 
37- 430 

7. 087 
18. 985 
13. 142 
18. 430 
29. 980 

18. 484 
10. 923 
18. 781 
33- 783 

Oleic acid 

Total. . . 

88.471 

88. 384 

87. 624 

87. 304 

Total fatty acids. ... 

94. 980 

94. 961 

94. 856 

94. 830 


The percentage of butyric acid was 2.368 in the Holsteins and 2.962 
in the Jerseys; of caproic acid, 1.775 and 2.014; of caprylic acid, 0.693 
and 0.737; and of capric acid, 1.708 and 1.668. The breed differences 
are concealed by the higher content of soluble acids in the Jerseys. 

The percentage of lauric acid was 7.140 in the Holsteins and 6.710 in 
the Jerseys; of myristic acid, 16.307 and 18.735; of palmitic acid, 7.528 
and 12.033; of stearic acid, 18.582 and 18.606; and of oleic acid, 38.872 
and 31.382. The breed differences were substantially of the same char- 
acter as in the intermediate period. 

The Holsteins differed materially from the herd sample (Table II), 
particularly in the insoluble acid mixture. In a general way the Jerseys 
agreed with the herd sample except in stearic acid content. 

EFFECT OF EACTATION 

In the Holsteins the percentage of total fatty acids increased 0.065 in 
four months and o. 1 79 in seven months, and their neutralization number 
decreased 3.673 and 8.488 mgm.;*the soluble fatty acids decreased 1.114 
and 1.295 por cent; the insoluble fatty acids increased 1.180 and 1.474, 
and their neutralization number decreased 2.430 and 5.607 mgm.; and 
the glycerol decreased 0.159 0.434 per cent. The change in soluble 

fatty acids consisted of a decreasing loss from but5uic acid to caprylic 
with a slight increase in capric acid. There was an appreciable gain in 
lauric acid, loss in m3Uistic acid, and marked gain in oleic acid. 

In the Jerseys the percentage of total fatty acids increased 0.018 in 
four mon^s and 0.073 seven months, and their neutralization number 
decreased 1.049 and 3.194 mgm.; the soluble fatty acids decreased 0.834 
and 0.613 per cent; &ie insoluble fatty acids increased 0.852 and 0.682 
per cent, and their neutralization number decreased 0.267 and 2.409 
mgm. ; and the glycerol decreased 0.043 and 0.178 per cent. The change 
in soluble fatty acids was more gradual than in the Holsteins; butyric, 
caproic, and caprylic acids decreased slightly; capric acid increased; 
lauric acid increas^ noticeably; myristic acid decreased; and oleic acid 
increased, but less than in the Holsteins. 
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4. FROM MIXED MH^ OF GRADE HODSTBINS FED A NORMAL RATION, 
WITH AND WITHOUT THE ADDITION OF VARIOUS OILS AND FATS 

Four grade Holsteins of similar age, comparatively fresh in lactation, 
were divided into two groups, known as herds A and B. All of the cows, 
except Samantha III, had been used in previous experiments. The 
same hay and grain mixture was fed throughout the experiment to both 
herds, but Colantha was reduced 2 pounds of grain in the last period. 
Herd B received, in addition, various oils and fats in four periods. The 
hay and various grains in the mixture were of fair average quality, as 
shown by analysis (Table XXI). The coconut fat was a refined product 
said to be used in the manufacture of confectionery, and the peanut and 
com oils were refined for salad purposes. The soybean oil was the ordi- 
nary commercial product. They were all analyzed (Table XXII) by 
the common methods but were not esterified. 

The milk produced was the daily average for the three days on which 
cream was saved for churning. The milk analyzed was a five-days* 
composite taken at substantially the same time as the cream sample. 

Table XX . — Records of cows and milk analysis 



Herd A. 

Herd B. 

Crdantha. 

Samantha IV. 

Cotantba 11 . 

Samantha HI. 

Breed 

Date of birth 

Last call dropped 

Condition on calving ... 
Date served 

Grade Holstein.... 
Nov. l6t X 9 X 3 

Dec. 5, 19x9; Feb. 
4, Mar. 14, 199a 

Grade Holstein. . . . 

Aug. as, X 9 X 4 

Aug. 90 , X9X9 

Good flesh 

Dec. 4. X9X9 

Grade Holstein. . . . 

Oct. X 4 , X914 

Aug. 8, 1919 

Good flesh 

Nov. 3, 1919 

Grade Holstein 
Aug. IS, 19x3 
Sept. X 9 , X919. 
Good 6 esh. 

Dec. 8, Z919. 


PERIOD I 


Sample No 

Daily ration: 

Hay 

Grain mixture 

Gluten feed, 40 per 
cent. 

Wheat bran, 90 per 
cent. 

Barley meal, 40 per 
cent. 

Weifiht of animal 

Milk produced (daily 
average). 1 
Milk analysis 
Solids (gravimetric) . . . . 

Fat (Babcock) 

Proteids (NX6.95). . , . 
Lactose (by difference) 

Ash 

Sample No 

Weight ol animal 

Milk produced (daily 
average).' 

Milk analysis: 

Solids (gravimetric) . . 

Fat (Babcock) 

Proteids (NX6 25) 

Lactose (by diiTerence) 

Ash. . 


Ai 

Ai 

Bi 

94 pounds .... 
xo pounds . . . 

34 pounds 

10 pounds 

33 pounds. . 

10 pounds .... 

1.348 pounds . ... 
Nov. 18 to 90, 19x9. 
99.6 pounds. 

1,160 pounds ... 
Nov xB to 30, 1919, 
34.7 pounds. 

1,093 pounds . . 
Nov. 18 to 90, X919. 
31.4 pounds 

19.66 per cent 

4.93 per cent 

3 97 per cent 

X3.84 per cent 

4.50 per cent 

3.05 per cent 

13.39 per cent ... 

4.60 per cent 

3.29 percent 

4.69 per cent 

4 39 per cent 

4.60 per cent 

.69 per cent . . . 
At 

.77 per cent 

Aa 

.71 per cent 

Bs. . 

1.308 pounds 

Nov. 37 to 39, 19x9, 
94.6 pounds. 

x,i35 pounds. 

Nov. 97 to 39. 19x9, 
31.6 pounds. 

1,083 pounds . . . 
Nov. 37 to 99, 1919, 
31.0 pounds. 

13.65 per cent 

4.43 per cent . . . 

3.43 per cent 

4.00 per cent 

0.79 per cent 

X3.9X per cent 

4.50 per cent 

3.09 per cent 

4 63 per cent 

0.69 per cent 

X3.X0 per cent 

4.38 per cent 

3.35 per cent 

4.64 per cent .... 
0.73 per cent . . , . 




24 iiounds. 
10 pounds. 


x,9io potmds. 

Nov.x8t09o. tcio# 

99.8 pounds. 

X3.85 per cent. 
4.58 per cent 
3.48 per cent 
4.44 per cent. 

75 pet cent. 

Bi. 

x,z 83 pounds. 
Nov. 97 to 99, X9X9 

95.9 pounds. 

13.35 per cent, 

4 48 per cent 

3- 58 per cent. 

4 - 54 per cent. 

0.7s per cent. 


For the days cream was saved for churning. 
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Tablq XX . — Records of cows and milk analysis — Continued 

PERIOD 2 


Sample No 

Daily ration; 

Hay 

Grain mixture. . 
Coconut fat. . . . 


Milk produced (daily 
averace.) » 

Milk analysis; 

Solids (gravimetric) . . . 

Pat (Babcock) 

Proteids (N Xd.as) . . . 
Lactose (by difference) 

Ash 

Sample No 

Weight of animal 

Milk produced (daily 
average).* 

Milk analysis: 

Solids (gravimetric). . . 

Fat (Babcock) 

Proteids (N X6.as) .... 
Lactose (by difference) 
Ash 


Herd A. 

Colantha. 

Samantha IV. 

. Aj 

As 

34 pounds 

xo pounds 

a4 pounds 

xo pounds 

x. 398 pounds. .. . 

IX to XI, X919. 
18.3 pounds. 

X.X83 pounds 

Dec. XI to T3, 19x9, 
31.5 pounds. 

13.66 per cent . . . 

X3.04 per cent 

3.47 per cent 

. 4.39 per cent 

. .80 per cent 

3.09 percent 

4.6s per cent 

.70 per cent 

. A4 

. t.333 pounds 

Dec. as to 37, 19x9, 
33.7 pounds. 

A4 

1 X.303 pounds 

Dec. as to 37, 19x9, 
3X.6 pounds. 

X3.96 per cent. . . . 

4,38 per cent 

. 3.44 per cent 

4 35 percent 

, .79 pet cent 

13.87 per cent 

4.40 percent 

3 09 per cent 

4.68 per cent 

.70 per cent 


Colantha II. Samantha HI. 


aa pounds 

xo pounds 

.75 pounds 

T, 108 pounds. . . . 
Dec. II to n, 19x9, 
a8.5 pounds. 


13.81 per cent 

5.30 per cent. . . . 

3.39 per cent 

4 59 per cent 

■73 percent 

Bi 

1,133 pounds . . . . 
Dec. as to a?, 19x9. 
34-3 pounds. 

X3*3* percent 

5-30 per cent. 

3.05 per cent 

4.3s per cent ... , 
.71 per cent 


34 pounds. 

10 pounds. 

75 pounds. 

1.313 pounds. 

Dec XI to 13,19x9, 

35.6 pounds. 

14. xa per cent. 
5.35 per cent. 

3.46 per cent. 

4.54 per cent. 

77 per cent. 

B 4 . 

I. >55 pounds. 
Dec. 35 to 37, 19x9 , 

34.6 pounds. 

i4.ao per cent. 
5.60 per cent. 

3.44 per cent. 

4.40 per cent. 

.76 per cent. 


PERIOD 3 


Sample No 

Ab 

A» 

Bs 

Bi. 

Daily ration. 





Hay 

34 pounds . . . . 

34 pounds 

33 pounds. . . . 

34 pounds. 

Grain mixture 

xo pounds 

xo pounds 

10 pounds 

10 fxiunds. 

Peanut oil 



.75 pounds 

.75 pounds. 

Weight of animal , . . 

t, 3 XS pounds . . . . 

x,x 78 pounds 

1,080 pounds 

1,330 pounds. 

Milk produced (daily 

Jan. 8 to 10, 1930. 

Jan. 8 to 10. 1930, 

Jan 8 to 10. X930, 
33 9 pounds. 

Jail. 8 to to, 1930, 
37.7 pounds. 

average).* 

31.8 pounds. 

30.x pounds. 

Milk analysis: 





Solids (gravimetric) . . 

13 69 per cent 

13 06 per cent . . . 

13.93 per cent. . . 

xt 39 per cent. 

Fat (Babcock) 

4.15 per cent 

4.60 per cent 

4 30 per cent 

4.78 per cent. 

Protdds (N X6as).... 

3 47 per cent 

3.13 per cent 

3.33 per cent 

3.39 per cent. 

Lactose (by difference) 

4.39 per cent 

4,64 per cent 

4.77 per cent 

4 57 iier cent. 

Ash 

.78 per cent 

.70 per cent 

.73 per cent . . . 

7s per cent. 

Sample No 

An . 

An . 

Bo 

Bb 

Weight of animal. .. . 

1.338 pounds . . . . 

1,300 pounds . . 

i.oSo pounds 

1,233 pounds. 

Milk produced (daily 

Jan 33 to 34, 1930, 

Jan. 33 to 34. i9ao, 
31.8 pounds. 

Jan. 32 to 34. X920. 

Jan. 32 to 34.1920, 

average) * 

30 8 pounds. 

33 I pounds. 

39 9 pounds. 

Milk analysis; 





Solid (gravimetric). . . 

13 09 per cent . 

13 13 percent.. .. 

13 17 per cent... . 

13 14 per cent. 

Fat (Babcock) 

4.4'i per cent 

4.6s per cent 

4 35 per cent 

4 40 per cent. 

Proteids (N X6 35) ... 

3. SI per cent 

j.i7|iercent .. .. 

3. II percent 

3.14 jier cent. 

Lactose (by difference). 

4 17 per cent 

4.63 per cent .... 

4 80 percent 

4 67 per cent. 

Ash 

.76 per cent 

.69 per cent 

.71 per cent 

.73 per cent. 




PERIOD 4 


Sample No 

Daily ration* 

At 

At 

Bt 

f Hay 

34 pounds 

34 pounds 

33 pounds 

i Grain mixture 

10 pounds 

lo pounds . 

10 pounds . . . . 

Weight of animal 

1. 348 pounds . 

1.183 pounds 

t,o8«: pounds . 

Milk produced (daily 

Feb. s to 7, X930, 
33 pounds. 

Feb 5 to 7, 1930, 
39.6 pounds 

Feb. 5 to 7, 1930, 
354 potmds. 

average).' 

Milk analysis; 

Solids (gravimetric) . . . 

13.37 per cent 

13.11 per cent. . . 

12.58 per cent . . 

Fat (Babcock) 

4.4s percent 

4.65 per cent . . . 

4 per cent . . . 

Proteids (NX6 3?) 

3.58 per cent 

3-16 per cent .. .. 

3 14 per cent . 

Lactose (by difference) 

4.47 per cent 

4.61 per cent . . . 

4.74 per cent 

Ash 

•77 pex cent 

.60 per cent 

.70 per cent 

Sample No 

As 

As 

Bs 

Weight of animal 

i *343 pounds 

x,i68 pounds 

1,085 pounds 

* For the days cream was saved for churnms 




39362—23 3 


Bt. 

34 pounds. 

10 pounds. 

75 pound. 

X.23) pounds. 
Feb 5 to 7, 1930, 
31 pounds 

ia.93 per cent. 
4.33 per cent. 

3.36 per cent 
4.61 per cent. 

.7a per cent 
B«. 

1.3x8 pounds. 
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Table XX . — Records of cows and milk analysis — Continued 
PERIOD 4 — Continued 



Herd A. 

Held B. 

Colantha. 

Samantha IV. 

Colantha H. 

Samantha HI. 

Milk produced (daily 
average) .> 

Milk analysts: 

Solids (^vimetric) — 

Pat (Babcock) 

Proteids (NXAss) 

Lactose (by difference) . 
Ash 

Pd>. Z9 to ax. z9ao. 
90.6 pounds 

Z3.06 per cent 

4.40 per cent 

3 45 per cxnt 

4.4s per cent 

.76 per cent 

Pd>. Z9 to tz. 1930, 
31.3 pounds. 

13.96 per cent 

4.50 per cent 

3.14 per cent 

4.6X per cent 

.71 per cent 

Feb. S9 to ax, 1930, 
33.7 pounds. 

X3.47 per cent 

4.00 per cent 

3*09 per cent 

4*66 per cent 

. 7a per cent 

Peb. Z9to3x, Z9ae« 
39 pounds. 

xa.63 per cent. 
4.30 per cent. 

3.08 per cent. 

4.61 per cent. 

.74 per cent. 






PERIOD 5 


Suniile No 

Daily ratUm. 

Hay 

Grain mixture 

Soybean oil 

Weisht of animal 

Milk produced (daily 
averace).^ 

Milk analysis: 

Solids (gravimetric) . . . 

Pat (Babcock) 

Proteids (NXAas) 

Lactose (by difference) 

Ash 

Sample No 

Weight of animal 

Milk produced (daily 
average) 

Milk analysis: 

Solids (inravimetric) .... 

Fat (Babcock) 

Proteids (NX6.aj) . . . . 
Lactose (by difference) . 
Ash 


As 


Bf 




S'pbunds 

to pounds 

xo pounds 

i>3S3 pounds 

Mar. 4 to 6. igao, 
ax.6 pounds 

xa.7S per cent.. . 
4.35 per cent. . .. 
3.37 per cent , . 

4. per cent . . , 

•75 per cent 

1,193 pounds . . . 

Mar. 4 to 6. 1930, 
39.8 pounds. 

t3.x6 per cent 

4.60 per cent 

3.X7 per cent ... . 

4.69 per cent 

.70 per cent 

Aie 

t.098 pounds 

Mar. 4 to 6, xoao, 
3X.8 pounds. 

Z3.99 per cent 

4.ao s>er cent 

3.aa per cent 

4.84 per cent 

•73 per cent 

1 Bm 

1.345 pounds . . . 
Mar. x8 to ao, x9ao. 
aa.3 pounds. 

X3 95 per cent 

4.30 per cent 

3.37 per cent 

4.55 per cent 

•73 per cent 

X.X70 pounds. . . 
Mar. 18 to 30 . X 930 , 
30.Z pounds. 

13.30 per cent .... 

4.70 per cent 

3.15 per cent 

4 77 per cent . ... 

.68 per cent 

x.oSS pounds 

Mar x8 to ao, 1930, 
37.3 pounds. 

13.79 per cent 

4.40 per cent 

3.61 per cent 

1 5.0a per cent 

.76 per cent 


Ba 

a4 pounds, 
xo pounds. 

•75 pounds, 
t.aao pounds. 
Mar. 6 to 8, ipao, 
S9.I pounds. 

ia.83 per cent. 

4 per cent. 

S.18 per cent 
4.91 per cent. 

.74 per cent. 

Bi«. 

x»a45 pounds. 
Mar xStoao. X9a<x 
37.5 pounds. 

ia.9X per cent. 
4.ao per cent. 

3.X9 per cent. 

4.80 per cent. 

.73 per cent. 


* For the days cream was saved for churning. 


Table XXI , — Analysis of feeds 



Hay. 

Gluten feed. 

Wheat bran. 

Barley meaL 

Moisture 

Per cent, 
10.59 

Per cent, 
10,20 

Per cent, 
12.19 

Per cent. 
12. 77 

Dry matter: 

Ash 

6.03 

4.52 

7-31 

2-45 

Protein (NX 6.25) 

8.73 

27.94 

*6.75 

12.32 

4.86 

Fiber 

32-38 

6.32 

IX. 29 

Extract matter 

! 50-55 

58-43 

59-74 

77-91 

Fat 

a. 31 

2.79 

4.91 

2.46 
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Tabl9 XXII . — Analysis of oils and fats fed 



Oxxnut fat. 

Peanut oil 

Cora oil. 

Soybean oil. 

Saponification number (f) (mgm.) . . 

Acid number (a) (mgm.) . . 

Ether number («) (mgm ) • • 

lodin number 

Equivalent in oleic acid (per cent) . . 

Total fatty acids (T) (i. 00— 0.00092594 «) 

Neutralization number(n)j/ / (mgm.) . . 
Free fatty acids {A ) ajn .... (per cent) . . 
Soluble fatty acids (S) (T—I) (percent) . . 
Neutralization number (mgm.). . 

256.600 

.092 

956.508 

9.447 

10.508 

94.204 

972.388 

.034 

9.37a 

341.539 

84.832 

264.748 

a. 755 
14.032 

1.4550 

I. 4491 
/ *’•57 

1 '03 

8.691 

189.835 

.53a 

189.303 

94.751 

190.761 

.347 

190.414 

ia3.3i9 

192.337 

a. 594 
189.74^ 
131.180 

95 •7*3 
198.317 
.268 
None. 

95.698 

199.336 

.174 

None. 

95.713 

200.959 
1. 291 
None. 

Insoluble fatty acids (/) by sdcoholic 

potash (per cent) . . 

Neutralization number (mgm.). . 

Stearic acid by crystallization 

(per cent) . . 

Glycerol (0.00054703 e) (per cent) . . 

Refractive index (Abbe) 25° C 

Refractive index (Abbe) 40° C 

Colorimeter (Lovibond) ^-inch cell . . . 
Viscosity (Redwood) 70® F 

96.005 

®aii.577 

None. 

I0.3SS 

I . 4689 

I. 4632 

® 1.05 

‘'•45 

II. 554 

96.026 
« 219.463 

.523 

10.416 

1.4724 
I. 4671 
^2.70 
C.30 
10.203 

95-953 
0 219.425 

-334 

10.380 

1-4737 

1.4677 

O16.10 
C3. 90 

9.730 


« Exceeds the neutralization number of the total fatty acids due to decomposition difHou It to control 
in such unsat uratcd products. 
b Yellow. 
c Oran Re. 

The composition of the milk (Table XX) produced by the control herd 
A on hay and grain was fairly constant during the several periods of the 
experiment (four months), as was also the yield except in the case of 
Colantha in the second period when there was a noticeable decrease due 
to a sore teat. The average analysis of the milk of herd A for all periods 
and that of herd B for each period, together with the yields, are presented 
in Table XXIII. 


Table XXIIl . — Summarized milk data 



Herd A. 

Herd B. 


Periods 

I to s- 

Period t, 
prelimi- 
nary. 1 

Period a, 
coconut 
fat. 

Period 3, 
peanut 
otl. 

Period 4, 
com oil. 

Periods, 

soybean 

oU. 

Solids 

Fat 

Proteids 

I/actose 

Per cent. 
12. 96 
4.44 
3.28 

4. 51 

. 73 

! 

Per cent. 

13.25 

4.51 

3- 43 

4- 57 
.74 

Per cent. 
13. 86 

5- 34 

3.31 

4. 47 
•74 

Per cent. 

13. 16 
4.43 

3-29 

4.71 

•73 

Per cent. 
12.65 
4. 14 
3- 14 
4.65 

.72 

Per cent. 

13. 13 

4! 20 
3-30 
4.89 
-74 

Ash 


Average production for 
the penod 

Pounds, 

27.3 

Pounds. 

29.7 

Pounds. 

25. 2 

Pounds. 

31.5 

Pounds. 

32.4 

Pounds. 

29.7 
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There was a substantial agreement in composition of the milk of herd 
A and that of herd B in the preliminary period, and the yield was similar. 
It is logical to assume that the composition of the milk of herd B in sub- 
sequent periods would have remained fully as constant as that of herd A 
provided the oils and fats fed were without influence. As compared 
with the preliminary period, coconut fat increased the solids 0.61 per 
cent and the fat 0.83 per cent, but at a loss of 4.5 pounds of milk a day 
for the period. On peanut oil the milk practically reverted to its original 
composition, with a gain in yield of 1.8 pounds daily over the preliminary 
period. 

By a like comparison, com oil decreased the solids 0.60 per cent and 
the fat 0.37 per cent but with an increased yield of 2.7 pounds of milk, 
and on soybean oil the solids nearly equaled those of the preliminary 
period, with a loss of 0.31 per cent of fat and approximately the same 
yield. 

ANALYSIS OF BUTTER FAT FROM HERD A 

Colantha and Samantha IV were considered as herd A. The cream 
from these two cows was mixed and churned, and samples of butter fat 
were analyzed; but as the maximum range did not exceed a reasonable 
variation for such a physiological product over a period of four months, 
three samples, Aj, A*, and Ajo (averaging practically the same as the 10 
samples) were deemed sufficient to fully represent the herd and for sub- 
sequent esterification. 

The percentages of total fatty acids in Aj, Ae, and Ajo were 94.771, 
94.806, and 94.802 (average 94.793) with no appreciable variation, and 
their neutralization numbers were 246.212, 244.913, and 243.878 mgm. 
(average 245,001), with a loss of 2.334 mgm., largely due in advancing 
lactation to a slight increase of insoluble acids at the expense of the 
soluble. The percentages of free fatty acids were 0.772, 0.936, and 0.458 
(average 0.722), indicating a moderate amount of hydrolysis largely due 
to manipulation. The percentages of soluble fatty acids were 7.591, 
7.302, and 7.258 (average 7.384), and their neutralization numbers 
496.614, 491-413. and 498.044 mgm. (average 495-357)- 

The percentages of insoluble fatty acids were 87.180, 87.504, and 87.544 
(average 87.409), and their neutralization numbers 224.409, 224.343, ^^d 
222.806 mgm. (average 223.853), indicating a slight increase in the pro- 
portion of high molecular weight acids with advancing lactation. The 
percentages of glycerol were 12.660, 12.576, and 12.586 (average 12.607), 
indicating no marked change. 

As compared with the herd sample (Table I) the average of Aj, A^, and 
A,„ showed a close agreement in percentage of total, soluble, and insoluble 
fatty acids and glycerol ; but the neutralization number of the total fatty 
acids was higher by 0.901 mgm., that of the soluble acids was lower by 
14:262 mgm., and that of the insoluble acids was higher by 1.963 mgm., 
indicating some difference in proportion of constituent acids. 



Table XXIV . — Analysis of butter fat 
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TABtS XXV . — Weight and analysis of fractions {ethyl esters) 


A2 


Fraction No. 

Range of 
fraction. 

Weight of 
fraction. 

Saponification 

number. 

lodin 

number. 

Ethyl oleate. 

I. .. 

•c. 

Gfiti, 

Mgm. 

a I, 585.051 
401.384 

347*415 

272.158 

238.796 

215*353 

199.769 


Per cent. 

2 

90 to 144.5 
144.510199 

199 to 338 

238 to 278.5 
278.5 to 310 

310 to 325 

4 . 7939 
5*4274 

5.1062 

15.7266 

S 4 S 94 S 

109.4460 

2*593 i 
6.021 
11.306 

14.195 

16.903 

22.Z05 

3.171 

7.36a 

13.845 

17.338 

20.669 

27.031 


4 

c 

6 

7 

Total 

195.0946 







A, 


±70 to 90 

90 to 148 

148 to 199.5 

199.5 to 238.5 

238.5 to 281 

281 to 312.5 

312.5 to 328 


“1,419*532 

398.816 

356.153 

281.241 

240.099 

215.163 

198.528 



4. 7288 

5. 1199 

4.8099 

15*7429 

53*7111 

125*3339 

2.991 

5.810 

10.578 

13.946 

16.509 

22.400 

3*658 

7*105 

12.93s 

17*054 

20. 187 

27*391 

209.4465 







AlO 


I 

± 70 to 90 

90 10149.5 

149.5 to 214 

214 to 258.5 

258.5 to 294.5 

294.5 to 318.5 
318 5 to 337 


01,447.586 

396.237 

363*557 

274.142 

235*719 

2x2.990 

197.798 



3 

6 

7 

Total 

4.6372 

5.2042 

4*9114 

15.6960 

54.0467 

128.5638 

213*0593 



2.414 

5.083 
11*359 
14.710 
17.636 
24 . 760 

2.951 

6.216 
13.891 
17.988 
2 1 . 566 
30.277 







a Total alkali-consuming power of the fraction 


Table XXVI . — Fatty acids in butter fat 


Fatty acids. 

Aj. 

! 

Aa. 

Alt. 

Soluble acids: 

Butyric acid (by difference) 

Per cent. 
3*407 
1*731 
.810 

1.643 

Per cent. 

1 . 120 

Per cent. 
3.480 
2.064 

Caproic acid 

1.872 

.820 

1.490 

Caprylic acid 

Capric acid 

1.187 


Total 

Insoluble acids: 

Laurie acid 

7*591 

7.302 

7 -as 8 

5.806 

20.682 

5*415 

20.207 

4*913 

20 . 02 T 

Myristic acid 

Palmitic acid (by difference) 

20.508 

9.019 

31-165 

22 . 2 C 7 

19 * 103 
10.729 
31.868 

Stearic acid 

8.707 

30.828 

Oleic acid 


Total 

87.180 

87.504 

i 87.544 


Total fatty acids 

04.771 

04.806 



04.802 
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The percentages of but3nric acid in A,, A^, and A^o, from cows receiving 
grain and hay, were 3.407, 3.120, and 3.480 (average 3.336); of caproic 
acid 1. 731, 1.872, and 2.064 (average 1.889) I of caprylic acid 0.810, 0.820, 
and 0.527 (average 0.719); and of capric acid 1.643, i49o» and 1.187 (av- 
erage 1.440). The butyric and caproic acids fully maintained their per- 
centage during the four months of the experiment, but the caprylic and 
capric acids decreased. 

As compared with the herd sample (Table II) the butyric acid averaged 
higher by 0.183 per cent, the caproic acid higher by 0.529 per cent, the 
caprylic acid lower by 0.256 per cent, and the capric acid lower by 0.391 
per cent. 

The percentages of lauric acid were 5.806, 5.415, and 4.913 (average 
5-378); of the m3nristic acid 20.682, 20.297, and 20.931 (average 20.637); 
of the palmitic acid 20.508, 22.257, and 19.103 (average 20.623); of the 
stearic acid 9.019, 8.707, and 10.729 (average 9.485) ; and of the oleic acid 
31.165, 30.828, and 31.868 (average 31.287). The lauric acid decreased 
with advancing lactation ; otherwise there was no consistent change noted. 

As compared with the herd sample (Table II) the lauric acid was low 
hy 1.5 1 7 per cent, the myristic acid low by 1.981 per cent, the palmitic 
acid high by 5.165 per cent, the stearic acid low by 1.899 per cent, and 
the oleic acid high by 0.142 per cent, a noticeable difference in, propor- 
tion of constituent acids. 

ANALYSIS OF BUTTER FAT FROM HERD B 

Colantha II and Samantha III were considered as herd B. The cream 
was mixed and churned and 10 samples of butter fat, representing five 
feeding periods, were analyzed. The first sample in each period was 
considered indicative, but tlie second, taken after the same feeding had 
been continued two weeks longer, was regarded as a better criterion of 
the effect of the oils and fats fed and consequently for esterification. 

Fat samples B, and were of similar character, differing somewhat 
in content of soluble fatty acids. As compared with Aj, B2 contained 
practically the same amount of total, free, soluble, and insoluble fatty 
acids and of glycerol; but the neutralization number of the insoluble 
acids was slightly higher, 1.174 mgm. It again appears reasonable to 
assume that, if the feeding of oils and fats was without influence, the 
composition of the butter fat of herd B should continue fully as uniform 
as that from herd A, thus permitting a direct comparison of the prelimi- 
nary Bj and subsequent feeding periods with possibly a slight allowance 
for advancing lactation. 

The soluble fatty acids in B4, from cows receiving coconut fat, decreased 
1.243 cent, as compared with Bj; the insoluble fatty acids increased 
1.249 per cent and their neutralization number 3.194 mgm., a decided 
change both in quantity and character of the insoluble acids. 

The total fatty acids in Bg, from cows receiving peanut oil, increased 
0.226 per cent, and their neutralization number decreased 1 1.2 13 mgm.; 
the soluble fatty acids decreased 1.206 per cent, and their neutralization 
number, 20.055; insoluble fatty acids increased 1.432 per cent, and 
their neutralization number decreased 6.983; and the glycerol decreased 
0.548 per cent, indicating a notable gain in propo^on of higher molecular 
weight acids in both groups. 
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Period 5 . 

3.- 

PQ « « «• ^ 

sSglgg^Kssm? '5«* 
ig-Sistaj 3."-“ 

4 

•8 

1 

K5S3i;sSsH5gl!S 32 * 
3.- 

SI 8 ^ 

oO'Onaot^OOM r>w m 0 v m vj . . 

Periods 

HS^HS^SrIJsS S«° 

® S JJ *0 ^ A JO 'O So JJ ^ w tt -0 

slStaaglitSlSI s"» 
3."/ 

Period a. 

SS52 8 «’ 2 :|ffRSR:SJl 

” « « « ♦ « 

%mn%nHs&h |»& 

Period z. 

?Ssf£itH4?€ls 1 “« 
«§“ js&Z'j 3r« 

i’§?15£HI5§SSS 5**? 

^C«MM(;.;jl4tn *tilA «i.«5 d « 

03(0 TCNTCOt'T r^oomMn mO'A 

« w e» ♦ «i 



Sample number 

Saponificatioo number (r) (mem.) 

Acid number (o) (msm ) 

Ether number (e) (msm.) 

lodin number 

Equivalent in oleic add (per cent) 

Total fatty acids (T) (i.oo— o 00022594 e) . . . (per cent) 

Neutralization number («) s/T {mgm.) 

Free fatty adds (/I) afn (per cent) 

Soluble fatty adds (S) iT—l) (per cent) 

Neutralization number (mcm) 

Insoluble fatty aads (/) by alcoholic potash (per cent) 

Neutrdizatioo number (mgm.) 

Stearic add by crystallization (per cent) 

Glycerol (aooos 47 oa e) (per cent) 

Rdractive index (Abbe) 40 ® C 

Colorimeter (Lovibond) >^-inch cdl 
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The total fatty acids in B„ from cows receiving com oil, increased 
0.341 per cent as compared with B,, and their neutralization number 
decreased 14.593 mgm.; the free fatty acids increased 0.931 per cent; 
the soluble acids decreased 1.131 per cent, and their neutralization 
number, 65.274 mgm.; the insoluble acids increased 1.472 per cent, and 
their neutralization number decreased 7.416 mgm.; and the glycerol 
decreased 0.825 per cent, a change similar to but more marked than in 
the previous period. 

The total fatty acids in Bjo, from cows receiving soybean oil, increased 
0.277 per cent, and their neutralization number decreased 13.521 mgm.; 
the soluble fatty acids decreased 1.588 per cent, and their neutralization 
number 37.606 mgm.; the insoluble fatty acids increased 1.865 per cent, 
and their neutralization number decreased 7.169 mgm.; and the glycerol 
decreased 0.670 per cent, a change slightly different but approximately 
the same as in the previous case. 

Table XXVIII . — Weight and analysis of fractions {ethyl esters) 

Ba 


Fraction No. 

Range of 
fraction. 

Weight of 
fraction. 

Saponification 

number. 

lodin number. 

Ethyl oleate. 

1 

•<r. 

i: 70 to 90 
goto 153 
153 to 207 
207 to 251 
251 to 290.5 

290.5 to 3 16.5 

316.5 to 334.5 

Gm. 

Mgm 

01,587.856 

387.750 

367.367 

288.957 

245-752 

217.611 
199 . 906 


Per cent. 

2 

4.7042 

5 . 2264 

4 8993 
15- 8992 
53-9656 
131-8435 

3-158 

5-541 

10.324 

13-679 

16.639 

22.974 

3-862 

6.776 

12.625 

16.727 

20.347 

28.094 

3 

4 

C 

6 

7 

Total 


216.5382 












I 

± 70 to 90 
90 to 138 j 


01,441.976 

403.891 




4.4956 i 

1.939 

2.371 

3 

138 to 201 

5-0411 

366 749 

4.526 

5-534 

4 

201 to 245 

4.8221 

275.390 

9.817 

12.005 

5 

245 to 274.5 

15.5843 

239.613 

12.513 

15-301 

6 

274.5 to 303.5 

53.5750 

219.938 

14.983 

18.322 

7 

303.5^327.5 

132.2908 

202 . 036 

22.110 

27.037 

Total 


! 215.8089 










Bo 


1 

±70 to 90 
9010138.5 
138.5 to 192 
192 to 238 
238 to 284 
28410314 
31410328 


01,554.192 

405.759 

362.188 j 
270.068 
231.380 
209.791 

195.994 



3 

I;::::;;;::::;:;:: 

Total 

4.6859 1 
5.1400 1 
4.8029 1 
IS • 59*8 
S 3 - 7*89 

103. 01 10 1 

3.130 

6.403 

14.655 

19.448 

24.451 

32.311 

3.828 
7.830 
17.921 
23.782 
29.900 
39- 511 


186.9615 










• Total alkali-oonsuming power of the fraction. . 

39362 — 23 — 
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Tabl9 XX Vm. — Weight and analysis of fractions — Continued 


Fraction Na 

Range of 
fraction. 

Weight of 
fraction. 

SaXKmificatkm 

number. 

lodia number. 

Sibyl deate* 

I 

•c. 

±70 to 95 
9 Stoi 4 S.s 
148.510 Z98 
198 to 346 
346 to 388 
388 to 316.5 
316.5 to 333.5 

Gm, 

Mgm. 

01,453.197 
395 - 177 
359-884 

367.181 

331.499 

309.634 

195.484 


Ptr ctni. 


4.4388 

4*4753 

4.6366 

14.4314 

53*7554 

99.3487 

3*451 

6.806 

15*492 

30.339 

25*724 

34*729 

4.330 

8.333 

18.944 

* 4-737 

31.456 

43.468 

0 

4 

e 

6 


Total 


180.9763 










Bio 



± 70 to 97 
97 to 143 
143 to 186 
186 to 234 
23410273 
273*0317 
317 to 327.5 


01,590.662 
403 . oto 
360.950 
271.797 
231.688 
a 10 . 453 

*95-983 



Total 

4.3775 

4.6831 

4.5210 

13.8912 

52.8181 

96.9084 

4.151 

7*348 

15*174 

ao.457 

25.743 

34.205 

s-076 

8.985 

*8.555 

35.016 

3**479 

41.827 


177. 1993 










A Total alkalMcmsuming power of the fraction. 

Table XXIX . — Fatty acids in butter fat 


Fattjradds, 

Bf, pre- 
liminary. 

Bi, 

coconut 

fat. 

peanut 

oil. 

Bs. 

Com oil. 

Bu. 

soybean 

oil. 

Soluble acids; 

Butyric acid (by difference) 

Caproic acid 

Caprylic acid 

Capric acid 

Total 

Per cent, 
2.669 
2.363 
.816 
3.008 

Per cent 

2.597 

1.972 

*452 

1.492 

Per cent. 

3 -*24 
I.931 
.468 
1*037 

Per cent. 
3.272 
1.829 
.401 
1.123 

Per cent. 

2.893 

1.779 

.474 

1.033 

7*756 

6-5*3 

6-550 

6.625 

6.168 

Insoluble acids: 

Laurie acid 

Myristic acid 

Palmitic acid (by difference) 

Stearic acid 

Oleic acid 

Total 

6.210 
32.050 
30 . 170 

7*803 

30.77* 

i 

8 . 042 
24.988 
17.125 
8.608 
39.490 

! 

4.68T 

17.223 

11.268 

13.014 

42.350 

4.551 

; 16.4^8 
<< 9.262 
13*270 
44.965 

4.839 
16.128 
a 8.699 

13.354 

45.849 

87.004 

88 . *53 

88.436 

88.476 

88.869 

Total fatty acids 

94.760 

94.766 

94.986 

95*101 

95*037 


a In these abnormal samples the recovery by distillation exceeded the results reported by 0.698 per cent 
in Bs and by o 684 in Bu. It is impossible to ascribe d^nitely the source of this error at the present 
writing. 
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As compared with B, on a normal ration contained less butyric 
add by 0.738 per cent, more caproic acid by 0.532 per cent, more caprylic 
add by 0.006 per cent, and more capric add by 0-365 per cent, differ- 
ences too great to permit the direct use of the former as a basis. 

In the case of the insoluble adds, B, contained more lauric add by 
0.404 per cent, more m3Tistic add by 1.368 per cent, less palmitic acid 
by 0*338 per cent, less stearic acid by 1-216 per cent, and less oleic add 
by 0.394 per cent — ^a much closer agreement than in the case of the solu- 
ble acids, considering the amounts involved, but still making it advisable 
to use only Bj for direct comparison with the other periods. 

As compart with the herd sample (Table II) the differences are even 
greater. Bj contained less butyric acid by 0.484 per cent, more caproic 
acid by 0.903 per cent, less caprylic acid by 0.159 per cent, more capric 
acid by 0.177 per cent, less lauric acid by 0.685 per cent, less myristic 
add by 0.568 per cent, more palmitic acid by 4.712 per cent, less stearic 
acid by 3.581 per cent, and less oleic add by 0.374 per cent. 

The butyric acid in B4, from the cows receiving coconut fat, decreased 
0.072 per cent as compared with Bj; caproic acid decreased 0.291 per 
cent; caprylic acid 0.364 per cent; capric acid 0.516 per cent; lauric 
acid increased 1.832 per cent; m)rristic acid increased 2.938 per cent; 
palmitic acid decreased 3.045 per cent; stearic acid increased 0.805 per 
cent; and oleic acid decreased 1.281 per cent. 

As compared with Bj, the but)rric acid in B,, from cows receiving 
peanut oil, increased 0.455 per cent; the caproic acid decreased 0.342 
per cent ; the caprylic acid decreased 0.348 per cent ; capric acid decreased 
0.971 per cent; lauric acid decreased 1.529 per cent; myristic acid de- 
creased 4.827 per cent; palmitic acid decreased 8.902 per cent; stearic 
acid increased 5.2 ii per cent; and oleic acid increased 11.479 per cent. 

The butyric acid in Bg, from cows receiving corn oil, increased 0.603 
per cent as compared with B,; caproic acid decreased 0.434 per cent; 
caprylic acid decreased 0.415 per cent; capric acid decreased 0.885 per 
cent; lauric acid decreased 1.659 per cent; myristic acid decreased 5.622 
per cent; palmitic acid decreased 10.908 per cent; stearic acid increased 
5.467 percent; and oleic acid increased 14.194 per cent. 

As compart with B,, the butyric acid in Bjo, from cows receiving 
soybean oil increased 0.224 per cent; the caproic acid decreased 0.484 
per cent; the caprylic acid decreased 0.342 per cent; the capric acid 
decreased 0.986 per cent; the lauric acid decreased 1.371 per cent; the 
m)^stic acid decreased 5.922 per cent; the palmitic acid decreased 
1 1. 471 per cent; the stearic acid increased 5.551 per cent; and the oleic 
acid increased 15.078 per cent. 

In brief, the coconut fat decreased all the soluble acids in increasing 
amounts from butyric to capric acid, increased the lauric and myristic 
acids, and decreased the oleic acid. 

Peanut oil increased the butyric acid, decreased all the other acids 
from caproic to palmitic in increasing amounts, and increased stearic and 
oleic acids materially. 

Com oil increased the butyric acid, decreased all the other acids from 
caproic to palmitic acid in increasing amounts (except caprylic), and in- 
creased the stearic and oleic acids. 

Soybean oil increased the butyric acid and decreased all the other acids 
from caproic to palmitic in increasing amoimts (except caprylic), and 
increased the stearic and oleic adds. 
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The question naturally arises with butter fats B,, and Bjo, from 
cows receiving peanut, com, and soybean oils, as to whether the high 
iodin numbers might not be due in part to the direct assimilation 
transference of linoHc and linolenic acids from the oils fed to the butter 
fat. A number of determinations were made by the lead-salt-ether 
method with a view of obtaining some definite information on the sub- 
ject, of which those in Table XXX are fairly typical. 

Tabl^ 'XXJU.—Lead^salt-ether-soluble fatty acids 


Sample No. 

Fatty acids 
movered. 

Iodin 

number. 

Neutralimtioo 

number. 

B. 

Per cent. 
41. S6 

83. II 

Mgm. 
317.94 
S18. 37 

B,b 

42. SS 

83.03 



Lead-salt-ether-soluble fatty acids recovered from butter fat are 
rarely pure liquid acids but are more or less contaminated with small 
quantities of water-soluble acids extremely difficult to remove by wash- 
ing and of insoluble saturated acids that pass the filter. The results 
indicate, however, that with due allowance the liquid acids could not 
have contained any appreciable quantity of higher unsaturated acids 
than oleic. 

II. SUMMARY OF DATA FROM MASSACHUSETTS AND ELSEWHERE, 
TOGETHER WITH SUCH GENERAL DEDUCTIONS AS SEEM WAR- 
RANTED 

TablB XXXI. — Analysis of 2 Q samples of butter fat from Massachusetts cows fed normal 

rations 


Saponification number (j) fragm.L 

Acid number (o) (uigm. ) , 

Ether number (e) (mgm. ) . 

Iodin number 

Equivalent in oleic acid (per cent) 

Total fatty acids (T) (1.00—0.00033594 e) 

(per centj 

Neutralization number (w) s/T (mgm.;. 

Free fatty acids (A) ajn (per cent). 

Soluble fatty acids {s) {T—I) (per cent). 

Neutralization number (mgm.;. 

Insoluble fatty acids (/) by alcoholic pota^ 


Neutralization number (nigni.) 

Stearic acid by crystallization (per cent) 

Glycerol (0.00054703 e) (per cent) 


Refractive index* (Abbe) 40® C 

Colorimeter (Lovibond)* X-iuch cell. 


Average j 

Range. 

231.403 

224.626 

to 

235*333 

2.049 

.927 

to 

3*657 

229-355 

222.186 

to 

232.530 

a 8 . 461 

22.720 

to 

36.241 

31*315 

25*273 

to 

40.313 

94.818 

94.746 

to 

94.980 

244*051 

236.498 

to 

248.383 

.840 

•383 

to 

1.502 

7.297 

6.470 

to 

8.601 

504-787 

460.664 

to 

539*370 

87-519 

86.145 

to 

88.471 

333.363 

215.676 

to 

236.310 

15. on 

5*544 

to 

23*304 

12.546 

12.154 

to 

12.730 

1-4536 

1*4534 

to 

1*4536 

Yellow 3.2 

Yellow 2 

.0 to 5.8 

Orange z.4 

Orange i 

.0 to 1.8 


* Twelve samples. 
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The 29 samples of butter fat of grade Holsteins and grade Jerseys on 
normal rations, reported above, contained on the average 94.82 per cent 
of total fatty acids with a neutralization number of 244; 0.84 per cent 
of free fatty acids; 7.30 per cent of soluble fatty acids with a neutraliza- 
tion number of 504; 87.52 per cent of insoluble fatty acids with a neutral- 
ization number of 222.36; and 12.55 cent of glycerol. The range in 
percentage and in neutralization num^r of both the soluble and insoluble 
fatty acids was rather pronounced. 

TAB1.E XXXII . — Fatty acids in 21 samples of butter fat from Massachusetts cows fed 

normal rations 


Fatty odds. 

Averaiife 

Range. 

Soluble acids: 

Butyric acid ® (by difference) 

Per cent. 

2.932 

1.898 

.786 

1-570 

Per cent. 

2.241 to 4.230 
1 . 290 to 2 . 400 
.527 to 1. 041 
1 . 187 to 2 . 0^ 

Caproic acid * 

Capiylic acid ^ 

Capric acid ® 

Total 

7.186 

6.470 to 8.601 

Insoluble acids: 

Lauric acid 

5-849 

19.784 

15.167 

14.907 

31-895 

4-533 to 7.687 
15-534 to 22.618 
5.782 to 22.863 
7.803 to 20.370 
25.273 to 40.313 

Myristic acid 

Palmitic acid (by difference) 

Stearic acid 

Oleic acid 

Total 

87 . 602 

86.145 1^0 88.471 

Total fatty acids 

94.788 

94.746 to 94.980 



a Twenty samples. 


The 20 samples of butter fat (analyzed for fatty acids) from cows on 
normal rations contained on the average 2.93 per cent of butyric acid, 
1.90 per cent of caproic acid, 0.79 per cent of caprylic acid, and 1.57 
per cent of capric acid. The range in individual acids averaged about 
85 per cent, but in most cases the differences were fairly compensating 
as determined by the neutralization number. 

The 21 samples averaged 5.85 per cent of lauric acid, 19.78 per cent 
of myristic acid, 15.17 per cent of palmitic acid, 14.91 per cent of stearic 
acid, and 31.90 per cent of oleic acid. The range in lauric, myristic, 
and oleic acids was less proportionally than in the solubles, in stearic acid 
somewhat greater, and in palmitic acid almost 300 per cent. As the 
neutralization number of palmitic acid is nearly that of the* average 
insoluble acid mixture the other four acids were fairly compensating in 
most instances. 
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Tabls XXXlll,--Faity acids in luUerfai 


Soluble acids' 
Butyric acid. . 
Caproic arid . 
^prylic acid 
Capric acid. .. 


Total 

Insoluble acids* 

Laurie add 

Myristicacid 

Palmitic add 

Stearic add 

Oleic add 

Di>hydroxy stearic add. . 


Total 

Total fatty acids 


Bdl 

Biyth 

(i,P- 

Browne 
( 7 . P. 

Ciowther and Hynd 
( 43 p-t 4 Sl 

Dudaux 
(i, P. 1034). 

Dairy 

butter. 

First 

run- 

nings. 

Last 

run- 

nings. 

1 

> a. 09 

3-49 
a. 40 

5- 45 
3.09 
*49 
•3* 

4-45 

»-45 

•99 

l.ZO 

X.98 
z. zz 
z.S» 

4-06 

1.48 

1.37 

.96 

3.38 to 3.65 
3.00 to a.a6 


8. aa 

6.69 

8-35 

7.99 

8.90 

7-87 





i 9-57 

1 9-89 

1 38. 6x 

Z.83 
3*. SO 
Z.oo 

3-55 

*0.13 

rs-a4 

Z.08 

45-47 

.68 

5-08 
to. 38 
*7-47 
5-93 

46.49 

•30 

6.40 
X8.78 
zz. 78 
3- Z9 
4Z.31 
. z6 


1 49-46 
36. zo 



1 47-50 



40-40 






8s- S6 

87.90 

86.40 

86. zs 

85- 6s 

8x.6a 


93- 78 

94-59 

94-75 

94- >4 

94- 55 

89.49 



Soluble acids: 
Butyric add.. 
Caproic acid 
Caprylic acid 
Capnc acid . . 


Total.. 


Insoluble acids 
Laurie add 
Jdyristicadd . 

Palmitic add . 

Stearic add... . 

Oleic add ., .. 

Arachidic add 
Higher unsaturated adds 


Total 

Total fatty acids 


Pldschmaitn and Warm- 
bold ifi, ft JQ3). 


5.00 
a. 00 
•IS 


5a. la 
35-63 


87. 75 


5-00 
a 00 
•*S 


5t- 10 
3- 35 
33-30 


87 75 


4-3* 
a. x6 
.67 


4- 46 
48.94 

5- 54 
a8.8i 


87- 75 


Jen- 
sen , 


4-3* 
a. 16 
.67 


zaoo 
4*' 75 
a. 00 
33-00 


87. 75 


3- 93 
1.88 


Koefoedl 

(«./• 

> 33 ).* 


x.4a 

X.90 

•47 

1.90 


5-69 


7-58 
aa86 
*6-54 
Z.90 
3*- *3 


89- 


Leathes 

U4tP‘3o).* 


. Molinari 
\(t?, P. 3S7) 


5 as to 6.za 
90 to a.70 
Traces. 
Traces. 


Traces. 

Traces 


Traces. 


94-80 


Z4 to z6 
zz or more 
Z4 to z8 
7 to zi 
*5 to 30 


4 to 5.7 


Molt 


a»oo 

40.93 

a6. 5a 


87-45 


94-85 


^ Reference is made by number (italic) to ’‘Literature dted," pp. 397-398. 

* Results recalculated on a basis of 94.80 per cent total tatty acids. 

* Recalculated. 

* Results recalculated by Browne. 
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Tabi«S XXXIII — Fatty adds in butter fat — Continued 



The results of other workers and compilers showed noticeable varia- 
tions in total, soluble, and insoluble fatty acids (affected no doubt by 
the method of analysis, as well as by difference in product) , but after the 
elimination of extremes they agreed as to the general character of butter 
fat better than might be expected. Although any deductions are open 
to criticism, the results appeared to indicate a total fatty acid content 
of ^'approximately 94.41 to 94.90 per cent, soluble acids 6.69 to 8.96 per 
cent, and insoluble acids 86.15 to 88.50 per cent. These figures do not 
differ materially from those secured on Massachusetts samples. 

The percentage of the different soluble fatty acids by other investi- 
gators showed decided variations. The results, while not strictly com- 
parable, recognized but)rric acid as the most prominent, with caproic 
acid second. The data for caprylic and capric acids were quite limited. 
In a few instances caprylic acid was shown to be the smallest constituent, 
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but in no case did both caprylic and capric acids agree with the average 
of the samples tested in Massachusetts. 

Of the insolubles, lauric acid was seemingly at least one of the smaller 
and myristic acid one of the larger ingredients, but only in a few cases 
were the results at all consistent. The range in palmitic add was rather 
wide, but on exduding the higher percentages most of the remainder 
were between 15 and 25 per cent. 

In stearic-add content there was again considerable divergence. The 
results may be divided into two groups from 1.08 to 3.35 per cent and 
from 5.54 to 15 per cent. Of the more recent workers Miss Smedley 
obtained a higher percentage than the others. The Massachusetts 
average herein reported on normal rations is somewhat higher than 
previously secured (9, p. log-Jio) and may prove higher than subsequent 
figures from a greater number of cows will justify. 

The percentage of oleic acid varied from 25 to 46.49. A number of 
the foreign butter fats had an oldc-acid content similar to those derived 
in Massachusetts from feeding com and soybean oils. This acid appears 
to respond the most readily to the influences of feed and advancement in 
lactation. 

The small quantity of di-hydroxy stearic acid reported in butter fat 
may arise from decomposition changes accompanying analytical proce- 
dure rather than as a natural occurrence. The weight of evidence does 
not support the contention that unsaturated acids higher than oleic are 
present in straight butter fat to any appreciable amount. 

GENERAL CONCLUSIONS 

(1) On normal rations the percentage of total fatty acids in the butter 
fat of the Holsteins was substantially the same as that of the Jerseys, 
but their neutralization number was somewhat lower; the free fatty 
acids and soluble fatty acids were also lower, while the percentage of 
insoluble fatty acids was higher and their neutralization number and 
glycerol lower. 

(2) The percentages of butyric and caprylic acids were lower in the 
Holsteins than in the Jerseys; caproic and capric acids higher; lauric and 
oleic acids higher; and myristic, palmitic, and stearic acids lower. 

(3) With advancing lactation the percentages of total fatty acids in- 
creased slightly in both breeds, while their neutralization numbers 
decreased; the soluble fatty acids decreased, while the insoluble fatty 
acids increased and their neutralization numbers and the glycerol de- 
creased. As a rule the changes were more pronounced in the Holsteins. 

(4) The addition of oils and fats to the normal rations increased the 
insoluble fatty acids, partly at the expense of the solubles and partly by 
increasing the total fatty acids, and in consequence depressed the glycerol 
content. 

(5) The neutralization numbers of the soluble, insoluble, and total 
fatty acids were decreased on feeding the peanut, com, and soybean oik, 
and that of the insoluble acids was increased by coconut fat. 

(6) Of the soluble acids, butyric fluctuated but maintained its per- 
centage, caproic acid decreased appreciably, and caprylic and capric 
acids decreased about 50 per cent in extreme cases. Of the insoluble 
acids, lauric and myristic acids increased when coconut fat was fed but 
decreased when unsaturated oils were fed. In the latter cases oleic acid 
increased greatly. 
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(7) In so far as it is possible to draw a general conclusion from the 
data thus far secured from all experiments (15, 16 ) made at this station 
extending over many years, it seems evident that neither protein nor 
carbohydrates have any appreciable influence in changing the chemical 
composition of the butter fat; on the otlier hand, different oils and fats 
do modify to an extent the chemical composition of butter fat, the 
modification depending upon the composition of the oils and fats fed. 
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STRIPED SOD WEJ^WORM, CRAMBUS MUTABIUS 
CLEMENS ‘ 


By George G. Ainsub 

Entomological Assistant, Cereal and Forage Insect Investigations, Bureau of Entomology ^ 
United States Department of Agriculture 

INTRODUCTION 

Throughout a wide area Cratnbus muiahilis is one of the most common 
species of the genus. It ranks well toward the head of the list in de- 
structiveness, although by itself it never has been directly charged with 
a destructive outbreak. It has not previously received detailed study, 
and the available information concerning it is scattered and meager. 
The present paper includes a summary of previously published facts, 
together with the results of the writer's studies for several years. 

SYSTEMATIC HISTORY 

Cr ambus mutabilis was first described by Clemens (j, p. 204)^ in i860, 
but he furnished no information as to the source of his material. Three 
years later Zeller (15, p. 44) redescribed it as Cr ambus fuscicostellus^ a 
name which better characterizes the species than Clemens's adjective. 
Both names appear in the literature for some years, although Grote 
(7, p, 79) early recognized their probable synonymy. Smith (i j, p. 87) first 
placed ftiscicostellus unconditionally as a synonym of mutabilis^ in which 
he is fully borne out by Hampson {8, p. 92^), who had Zeller’s type in the 
British Museum for comparison. 

GEOGRAPHICAL DISTRIBUTION 

Cr ambus w»/a6f/w seems to be a purely North American species, for out- 
side of North America it has been reported only by Hedemann (9, />. 300) y 
from St. Thopias Island in the West Indies It is widespread over the 
eastern half of the United States. A study of the published records and 
of all the available museum material shows that the outlying points from 
which reliable records are available Brownsville and Amarillo, Tex. ; 
Vineyard, Utah; Sioux City, Iowa; and Cartwright, Manitoba. It has 
been found in most of the States to the eastward of a line connecting these 
places, although it does not appear in a considerable collection of the 
genus made in southern Minnesota, and has not been recorded from 
Wisconsin, West Virginia, and several of the New England States. 

The reported occurrence in Nebraska is evidently based on Bruner's 
paper (2, p. 262) y in which, however, he does not say that it has been 
taken in that State. It has been taken at numerous points in Florida, 
but, except fora single specimen from northwestern Arkansas, has not yet 
been reported from the tier of States between and including Oklahoma 


^ Acceptedfor publication July ii, 1933 This paper is the third m a series of Contributions to a Knowledce 
of the Crainbinte of North /^nerica. 1 , CramfMtr hemtockrtUus Zeller, appeared in Annals of the Entomo- 
logical Society of America for March, 19x8, and II. Crambus /ogwratef/ur Clemens, in the June, xyaa, issue 
of the same journal. 
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and South Carolina, although it probably occurs throughout that section. 
There is a specimen in Doctor Barnes's collection from Digby, Nova 
Scotia. It has also been reported from California in a broad way, by 
various writers following Felt (4, p. 97)* but the writer has seen nothing 
to substantiate this record. There is a single specimen in the National 
Museum labeled “Arizona/’ from Riley’s collection. The accompanying 
map (fig. i) shows the points in the United States whence definite records 
have been obtained. Where no exact locality is given the State is marked 
with an interrogation point. 

FOOD PLANTS 

The striped sod webworm has never been recorded as feeding on any 
plant outside the grass family. In the field, larvae have been taken on 
blue grass, com, wheat, timothy, and once, at Nashville, Tenn., on small 
clumps of a wild grass which was not at the time in determinable con- 



dition. In addition to the foregoing the writer has reared it in cages 
on crab grass {Syntherisma sanguinalis) ^ barley, and rye. Larvae were 
also offered oats and orchard grass (Dactylis glomeratus) and in the later 
stages fed freely. The young larvae, however, seemed to have trouble 
in subsisting on these grasses, and none were reared on them alone. 
Undoubtedly the larvae will thrive on many other grasses. 

ECONOMIC HISTORY 

Few cases of serious injury are definitely chargeable to Crawbus 
mutabUis. This does not mean that it is not an injurious form, but 
merely that it has not been caught in the act. There is plenty of cir- 
cumstantial evidence to warrant an indictment aside from the estab- 
lished records. Bruner (2, />. 262) first mentions it as a grass insect 
attacking com following sod. Riley (u, p. 36) says it occasionally 
attacks com. Webster (74, />. 86) intimates that this species may have 
had something to do with the destruction wrought in meadows and in 
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corn and oat fields in northern Ohio in 1895 by his statement that the 
moths were taken in June following the outbreak, but ‘*in more limited 
numbers” than those of C. trisecius, to which the larger part of the 
trouble was undoubtedly due. From Forbes (6, p. 39-42) there are 
numerous reports of crambid injuries, especially to com, but in not a 
single instance does he attribute the damage to this species alone; always 
at least one other species is involved. 

In the writer’s experience larvse have been found in numerous instances 
destroying corn plants, and almost invariably either the crop followed 
sod or the injury was confined to the margin of the field. At Spring 
Hill, Tenn., one larva was found destroying a wheat plant early in 
June. A. F. Satterthwait has on three occasions sent the writer larvse 
found feeding in the bulbs of timothy plants. In some experimental 
plantings of corn on sod land near Chapel Hill, Tenn., three of these 
larvae were found to every one of Cramhm caligmosellus, the only other 
crambid present, and the stand of corn was being very materially injured 
by them. In 1920, near La Fayette, Ind., this species, associated with 
C. iriscctu^, caused severe injury in several fields of com. 

Although there is no record of a general outbreak of this species, it is 
certain that, with favoring conditions, severe but narrowly local out- 
breaks occur more often than is realized. The moths are often suffi- 
ciently numerous to show that a large amount of food has been required 
to produce them, and as the larv’^ae seem to be strictly grass feeders 
the species must be placed well toward the head of the list of injurious 
forms. It seems especially subject to parasitism and epidemic diseases, 
and this may explain why it has not increased to such an injurious 
degree as some of the other species. 

vSKASONAL HISTORY 

In Tennessee, where collections have been constantly made for the 
last five years, the moths first appear about May 15, the date of their 
appearance being very uniform year after year. By May 20 they are 
abundant and continue so for a month in gradually decreasing numbers. 
During five years’ collecting no moths have been taken between June 
19 and July 3, and only scattering individuals until about July 10, 
when the moths of the second generation appear in greater numbers 
and remain over a longer period than those of the first generation, con- 
tinuing fairly abundant until August 15. Then after another interval 
of absence a few appear during the last few days of August and in Sep- 
tember, evidently a partial third generation. The latest record for the 
country is of one moth taken at Knoxville, Tenn., October 26, long 
after the others were gone. 

In Florida, the moths of the first generation appear as early as the 
latter half of February, but data are lacking for the rest of the year. 
A fairly complete series of collections made at La Fayette, Ind., shows 
that in that latitude the periods of abundance fall about a month later 
than in Tennessee, the first from June 20 to July 10 and the second 
from August 6 to September 8, Even there the partial third genera- 
tion appears, as moths were taken October 1 and 2 after having been 
absent for nearly a month. The La Fayette records accord closely 
with Forbes’s (6, p. 43) statement for Illinois — 

two well-marked periods of maximum occurrence, one in July and one in August, 
with a comparatively sparse showing toward the middle of July. 
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Both Felt (4, p. 65) and Slingerland {12, p. 210) report the r£isillts of 
trap lantern collections at Ithaca, N. Y., and, although the number of 
moths taken is too small to more than indicate the facts, they seem to 
show that the two periods of greatest abundance lie between June 10 
and 20 and July 8 and 20. More than one month is required for the 
development of a generation, so these Ithaca figures must be taken 
subject to revision. 

REARING RECORDS 

Laboratory records fully bear out the foregoing observations. Table 
I is a compilation of all the rearing records available for individuals 
under observation from egg to adult. It will be noticed that during the 
summer the interval between oviposition and the emergence of the adult 
is from 42 to 70 days, averaging about 55 days. Allowing three days for 
the preoviposition period brings it to 58 days, slightly less than two 
months from egg to egg. This works out almost exactly in the table; 
one generation from May 23 to July 21; the second from July 21 to 
September 1 1 ; and the third, or overwintering generation, from Septem- 
ber 1 1 to the following May. It will be noted also that many of the later 
larvae of the second generation, those coming from eggs laid after August 
I, emerged the following spring. Thus it is safe to conclude that in 
Tennessee there are normally three generations per year, some of the 
second and all of the third overwintering as larvae. Farther north the 
third doubtless becomes smaller and may completely disappear, leaving 
larvae of only the second generation to pass the winter. 

Table I . — Rearing records of Crambus muiahilis under observation in the laboratory 
or insectary from egg to adult ’ 


Cage No. 

Eggs laid. 

Moth out. 

Number 
of days. 

A ' 

May 2.^ 

July 8 

46 

A 

23 

Aug. 5 

74 

ms 

23 

July 30 

68 

1775 

23 

Aug. 2 

71 

B 

26 

July 7 

42 

C 

26 

! 8 

43 

C 

26 

Aug. 5 

71 

E 

27 

July 1 1 

45 

1777 

30 

31 

; 62 

15268 

June 3 

26 

53 

15284 

6 

26 

50 

H 

9 

31 

52 

H 

9 

Aug. 12 

64 

G 

12 

My 31 

49 

1792 

12 

Aug. 2 

SI 

I 

16 

12 

57 

J 

July 21 

Sept. 3 

44 

J 

21 

4 ! 

45 

J 

21 

5 

46 

J 

21 

7 

48 

J 

21 

8 

49 

J 

21 

9 

50 

J 

21 

14 

55 



1 The records designated by letters were made in JQ14; in other cases the first two figures of the cage num- 
ber indicate the year in which the records were made. 



May 5> S9»3 


Striped Sod Webworm 


403 


TablG I. — Rearing records of Crambus mutabihs under observation in the laboratory 0 r 
insectary from egg to adult — Continued 


Cage No. 

Eggs laid. 

Moth out 

NumbcT 
of days 

Sex. 

N umber 
of moths. 

J 

July 21 

Sept. 23 

64 

d 

I 

15406 

24 

ir 

49 

d 

I 

15406 

24 

13 

51 

i 5 cf 

1 4 9 

} 

15406 ... 

24 

14 

52 

r I d 
i 3 9 

} ^ 

15406 

24 

17 

55 

r I d 

i I 9 

} 

15414 

27 

18 

53 

9 

2 

16221 

29 

22 

55 

d 

I 

16221 

29 

24 

57 

d 

I 

16221 

29 

29 

62 

d 

I 

16221. ... 

29 

Oct I 

64 

9 

I 

16221 . . . . 

29 

3 

66 

d 

I 

16221 

29 

17 

80 

d 

1 

16221 . 

29 

19 

82 

9 

I 

16221 .... 

29 

Nov. 6 

98 

9 

1 

16221 

29 

14 

102 

9 

I 

16221 

29 

Apr 23 

268 

9 

I 

16221 . 

20 

May 2 1 

2Q6 


. I 

15476 . . j 

Aug. 6 

Oct 19 , 

74 

9 

I 

16260 . . 

II 

Apr 23 

255 


2 

16259 •• • 

16 

May 2 

259 


I 

16259 

16 

21 

278 


I 

162^9 

16 

27 

284 


2 

R2 

Sept 1 1 

Dec 9 

58 

9 

I 

15607 

12 

May 26 

2^6 

d 

I 

15602 

17 

June 2 

258 

t ^ i 

3 

15619 . 

27 

I i 

247 

I d 

2 

15619 • 

27 

5 

251 

' 

1 9 ! 

1 

I 


• Reared tn lalxiratory 


Table II is a record of all the rearings of larvae collected in the field, 
showing in most cases the interval between the activity of the larvae in 
the spring and the appearance of the moths of the first generation. The 
data apply to middle Tennessee unless otherwise stated. 

Table II. — Rearing recordi of Crambus mutabilis larvcr collected in the field 


Cage No. 

Larva taken. 

Moth out 

Sex, 

Source, 

182 

Apr. 3 

May 

25 

d 

Grass roots, fed blue grass. 

15141 

20 

t 

24 

d 

Blue grtiss. 

1655 

21 

June 

27 

9 

Grass. 

1824 ... . 

29 


3 

9 

Com. 

htfdnot.-. 

May 9 
10 


13 

9 

Corn. 

Clump grass; not reared. 

Grass 

16104 

10 

May 

29 

d 

« 3 S 8 

IS 

June 

8 


Com. 

IS 359 

July 7 

July 

27 


Blue grass. 

15359 

7 

Aug. 

9 

9 

Blue grass. 

C999G 

27 

Sept. 

10 


Timothy, Athens, Ind 

C1037 

Aug. 6 

5 

d 

Timothy, Nortonville, Ky. 

15641 

15687 

Sept. 30 
Nov. 9 




Timothy, La Fayette, Ind.; not reared. 
Blue grass, Nashville, Tenn.; not reared. 
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A series of 50 larvae from eggs laid July 23 was reared for individual 
instar records. Each larva was confined in a half-ounce tin box floored 
with damp blotting paper and was fed blue grass. A record was made 
of each molt, and the results are condensed in Table III. 

Table III . — Instar records of 50 Crambus muiabilis larvce from eggs laid July 23, 


Stage 


Egg 

Tarva: 

Instar I 

II 

III 

IV. ... 

V. . . . 
VI . .. 
VII.... 

Pupa: 

$ 

V 

Total 


Maximum. 

Minimum. 

Average. 

Number of 
individuals 
included in 
average. 

! 

Days 

Days. 

Days. 


7 

7 

7 


5 : 

3 

3‘2 


5 ; 

2 

3-3 

48 

4 

3 

3-3 

44 

5 

3 

3-3 

41 

7 i 

3 1 

4.1 

36 

7 

3 

4.8 

39 

17 

9 

14. 1 

i 

II 

7 

9.9 

8 

10 

7 

8.0 

8 

56 

so 

52.6 

16 


THE MOTH 
HABITS 

The moths of this species (fig. 2) are essentially grass lovers and are 
seldom found among weeds or bushes. They are reluctant to leave tall 
grass for a mown field or closely grazed pasture and when driven out 

will at once circle back. 
They alight abruptly, 
usually on a grass stem, 
and instantly turn head 
downward and stand 
with the head pressed 
closely to the stem and 
the body elevated at a 
considerable angle. 
When at rest the dark 
costal margin of the fore- 
wing contrasts with the 
paler gray median por- 
tion and with the pale 
gray underbody, giving 
the moth an almost 
striped appearance when viewed from the side. This coloring and the 
characteristic attitude make this species one of the easiest to identify 
at a distance in the field. The moths are most often found in abund- 
ance in the lower and damper portions of the meadow^ seemingly 
attracted by the greater luxuriance of the grass. They also occur in 
open woodland, especially if the ground is grass-covered. Their flight is 
erratic and awkward. 
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All-night collections at light made throughout the summer in 1915 
show that the female moths are attracted during the early part of the 
evening, between 8 and 9 o’clock and the males not until later, between 
midnight and 3 a. m. Very few o f either sex appeared outside their 
respective periods. 

It was proved by numerous experiments that the moths will feed on 
dilute honey and will drink water, but that food is not necessary and 
that they will live longer and the females will produce more eggs on the 
• average when supplied with water alone than when fed honey or when 
confined in a dry box or vial. Moths in the field have never been ob- 
served feeding, or attracted to flowers. 

The average length of life of 72 female moths taken at light and in 
the field and confined, some in dry boxes and some with wet cotton, was 
3.86 days. Under the same conditions 115 males averaged i day less. 
One reared female, which had access to water from the time she emerged, 
lived 10 days and laid 500 eggs, which is probably about normal for a 
moth in the field. Under optimum conditions 3 males lived 14 days 
each, but a summary of all records shows that the males are usually 
shorter-lived than the females. 

Practically all eggs obtained from moths taken in the open are fertile, 
indicating that mating occurs very shortly after the emergence of the 
females, probably the same night. Occasionally the last few eggs laid by 
a female prove to he infertile, but in most cases one mating is enough to 
fertilize the entire supply of eggs, and there is no evidence that the 
moths normally mate more than once. Female moths isolated and pre- 
vented from mating usually deposit some eggs, but these invariably 
shrivel and fail to hatch. 


DESCRIPTION (FIG. 2) 

Wing expanse i 8 to 24 millimeters, tlie females averaging larger than the males. 
General color gray, with a dusky spot near center of fore wing, the inner half of costal 
margin dark brown. Palpi fuscou.s, the tips of the scales whitish. Head and thorax 
gray-browii. Male antennae broadly pectinate (PI. 2, A), female setaceous. Fore- 
wmg with costal half slaty gray, sometimes whitish toward the center, anal half with a 
tinge of luteous. Proximal half of costal margin broadly bronze-brown. A dark 
brown median line begins near the middle of costal margin, forms a broad angle near 
end of cell, broadens immediately below it, and continues in an oblique line, gradually 
narrowing until it reaches the hind margin. In feebly marked .specimens this median 
line is often obsolete except the portion below the end of the cell, which is invariably 
present as a more or less conspicuous dusky spot. Subterminal line runs nearly 
straight across the wing, with an acute outward angle at each vein. Terminal line 
of seven dusky spots at the ends of the veins. Fringes gray, shining. Hind wings 
gray, a little paler toward base, fringes pale yellow. 

Genitalia. — Male: Body of tegumen (PI. 2, C) rather long, a little longer than the 
uncus, rounded above, its limbs long, narrow, turned ventrad, and narrowed at the 
ends. Uncus nearly straight, rather narrow, with a sharp, nail -like hook at the end, 
hirsute above. Gnathos long, slender, much exceeding the uncus, tip narrow^ed and 
turned slightly ventrad, naked. Aedoeagus (PI 2, E) straight, cylindrical, smoothly 
rounded cephalad, tapering somewhat from tlie opening to the tip, which flares 
slightly, terminal opening oblique, with a single long slender heavily chitinized 
cornutus, about half the length of the organ; anellus reduced to a mere membranous 
scale on ventral side. Harpes (PI. 2, D) small, rather weakly chitinized, free costa 
reduced to a slender sliarp spine less than half tire length of the free sacculus, outer 
margin at base hirsute; sacculus with tlie free portion a flat curved process with rounded 
tip, hirsute, the hairs on ventral half much shorter tlian those above, narrowed at 
base, and with a rounded spined lobe where it joins the base. Vinculum reduced to 
a small scutate plate lying between the tips of tlie base of the sacculi. Female; The 
ventral two-thirds of the genital plate (PI, 2, F) rounded and somewhat produced, 
the dorsal lobe smaller, rounded, both lobes hirsute. 
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THE EGG 

DESCRIPTION 

Elliptical in outline, bluntly rounded at the ends, one of which is very slightly 
more obtuse than the other. Length, 0.494 to 0.441 millimeter, average, 0.479 tnilh- 
meter, width, 0.318 to 0.265 millimeter (average, o 306 millimeter). The chorion is 
ornamented witli prominent acute longitudinal ridges, usually 17 in number but 
varying from 16 to 20. These ribs become obsolete at the ends of the egg, where the 
polar disks arc only slightly tuberculate; in the intervals between the ribs are much 
smaller cross strise, about 30 in the length of the egg (PI. i, C). 

The eggs laid by one female are very constant in size and shape, but there is enough 
variation between those from different moths to make the measurements of little 
value for specific determination. 

The eggs are very pale cream, almost white when laid, but they soon deepen in 
color, reaching a pale salmon yellow in about three days, after which, until maturity, 
the color remains unchanged. After the third day the minute dark eye sjiot is visible 
within the egg. A few hours before hatching the darkening of the head and thoracic 
plate gives a purplish tinge to the whole mass of eggs. The egg is cut slightly to one 
side of the lalger end and the larva escapes through a more or less ragged opening, 
leaving the parchmentlike shell nearly transparent. 

NOTES 

In summer the eggs hatch in from five to seven days, the variation 
evidently depending on the temperature. When fully developed the 
larva leaves the egg regardless of outside conditions and does not remain 
quiescent as do some others of this group. The eggs are perfectly dry and 
nonadhesive when laid, and fall down among the grass stems as they are 
dropped by the moths either in flight or at rest. Their small size and 
lack of definite location make them hard to discover; and to find one a 
prolonged search is necessary even when they are known to be abundant. 

Dissection of two freshly emerged moths showed, respectively, 560 
and 1,120 eggs and egg cells in the ovaries. In the latter case the abdo- 
men also contained a large amount of fat in the form of small bodies 
about the size of the matured eggs, but whiter and more irregular in 
shape. The first moth showed a much smaller quantity of this reserve 
supply, which is probably accounted for by less favorable feeding con- 
ditions during the latter part of the larval life. This partial starvation 
of the larva seems to affect directly and very decidedly the fecundity of 
the moths. 

So far as the writer has been able to determine from many experiments 
with this and other species of Crambus, the females do not require food 
other than water for tlie development of the immature ova in the ovaries 
at emergence. Spent motlis show an entire absence of fat bodies and 
immature ova, the youngest of these having evidently broken down and 
been used for the nutrition of the larger eggs. So while there were 1,120 
eggs and egg cells in the more fecund of the two moths mentioned above, 
the actual number of eggs which she would have matured would have 
been much less than that, perhaps 700, and not over 350 for the other. 
The largest number of eggs produced by a single moth of this species, of 
which the writer has record, is 753 eggs, and very few attained 500. 
The average number produced by moths taken in the field and at light 
was 170, but many of these had doubtless laid part or all of their supply 
before capture. 
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THE LARVA 
HABITS 

The larva of mutabilis is one of the easiest to recognize in the field. 
The distinct striping of the body and the prominent dark markings of 
the head distinguish it. When newly hatched the head and cervical 
plate are shining jet black® and the body pale grayish yellow except 
for the spot of color in the intestinal tract, due to the bit of eggshell 
eaten in leaving the egg. The pinacula are dusky and unusually con- 
spicuous for the first instar. During the first three instars the head 
remains black or very deep fuscous. In the fourth and succeeding 
instars it becomes brownish yellow, marked in a definite pattern with 
close groups of small, round, dark brown or black spots. 

In the writer’s experiments many larvae were reared on blue grass, 
small sods of which were potted and covered with lantern globes. The 
newly hatched larvae begin to feed by cutting small pits between the 
vascular bundles on the upper surface of the leaf blade, usually toward 
the base. These pits are soon covered with a few silk fibers, and shortly 
the larva is concealed by excrement placed systematically in this web- 
bing. During the first three instars, only the green leaf tissue is con- 
sumed, leaving the lower epidermis intact; thereafter the entire thick- 
ness of the leaf is eaten. As soon as the larva becomes too large to 
remain sheltered on the leaf blade it descends to the ground and makes 
a burrow lined with silk and opening usually close beside the stem. In 
the field there is often a valvc-like arrangement at the tip of this tube, 
so that the larva from within can close it and remain secure from intru- 
sion. Beneath the surface the burrow may run at almost any angle. 
If the earth is soft it frequently is parallel witli and close beside the main 
stem of the plant; if the ground is hard, it may run off at right angles 
just beneath the surface. The upper part of the tube is rather substan- 
tially constructed and closely lined with silk. Farther dowm the silk is 
more sparingly used and often just above the lower end ceases altogether, 
leaving only the earthen walls. The extreme lower end is again lightly 
lined with silk. This peculiar construction serves a very useful purpose in 
protecting the larva. When the plant is disturbed the larva instantly 
retreats to this silk-lined extremity of its burrow. If the plant and 
burrow be dug or pulled from the ground the tube breaks at its weakest 
point. The larva draws the earth-covered silk lining tightly about itself 
and so closely resembles a mere lump of earth that surprisingly often it 
escapes further detection. These larvae become very large and brightly 
colored and but for the protection of this bit of webbing would be the 
most easily discoverable of the web worms. 

Although in the cornfield the burrow often runs into the ground close 
by the stem of the plant, very little if any feeding is done beneath the 
surface. Quite unlike caliginosellnsy which occupies a half-cylindrical 
tube lying against the stem and feeds exclusively underground, mutabilis 
always has an exit to the outside and feeds aboveground. The leaves 
are eaten, beginning at the base, and as they are cut fall away from the 
plant and lie wilting on the ground. Sometimes so many leaves are 
cut in this way that to obtain green food the larva is forced to consume 


* Felt's ( 4 , p. 6$) suttnise as to variations in the color of the head of the newly hatched larva is clearly 
an error, for the head colors of the first instar of the various species are lemarkably constant 
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the main stem of the plant, working from the top downward. In such 
cases the injury closely resembles cutworm work. Only the first- 
generation larvce work on com, and then usually only when it is very 
small. 

In sod the injury is not so characteristic. The larva merely lives in 
its silk-lined tube, cuts off one blade of grass at a time, and draws it 
down into the burrow, where it is consumed at leisure. It is doubtful 
if the lar\^3e leave their burrows in the daytime, but they will feed during 
the day, as can be seen by the motion and gradual disappearance of a 
grass blade inserted into the burrow. All excrement is packed into the 
lower end of the burrow or sometimes into side pockets forking from 
the main burrow. When one burrow becomes too small, or is filled with 
the bright green sawdustlike frass, it is abandoned and another con- 
strticted. Occasionally a burrow is found as a silken tube running back 
under a board or stone lying on the surface of the ground. 

F'elt (5, p, 69-74) other writers have described and figured definite 
cylindrical nests made by crambid larvse, but these have been observed 
by the present writer in only one instance, and that in connection with 
this species. In this case numbers of larvse were confined in lantern- 
globe cages with small potted sods of blue grass. They had reached 
about the fifth instar in late September, and at once constructed tubular 
nests of bits of dry grass blades tightly fastened together and smoothly 
lined with silk. They were suspended among the leaves of the blue- 
grass plants, some of them partly in the ground and some entirely above 
and clear of the ground. (PI. i. A.) They contained no excrement and 
were closed at the bottom, but open at the top. The larvae seemed to 
make no effort to close them and wintered successfully in them, although 
exposed to every change of temperature in an open outdoor insectary. 
After the construction of these nests the larvae fed no more until the 
following spring. It seems probable that such nests are constructed 
only when the soil is excessively wet, in order that the larva may remain 
dry during the cold weather. Excessive moisture and dryness are both 
enemies of larvae overwintering in cages, and it is difficult to provide 
exactly proper conditions for them. From these and other observations 
it may be concluded that in Tennessee the larvae construct and enter 
their winter quarters about the last of September. They begin feeding 
again in April, and I he first moths make their appearance about the 
middle of May. 

Two series of 10 larvae each were run at different times to obtain 
records of the amount of food eaten. Blue-grass leaves cut into 30- 
millimeter lengths were used for food. At the close of each instar the 
uneaten portion was removed and measured. Since the larvae skeletonize 
the leaves during the first three instars of their life and the total amount 
consumed during that time is insignificant, these instars are omitted 
from the record. The figures represent linear millimeters of blue-grass 
leaves of an average width of about 3 millimeters. The results of the 
two series were so similar that they are combined in Table IV. 

As indicated by this somewhat incomplete record, the voracity of the 
larvae of this species is low compared with that of Crambus trisectus, in 
which the average total consumption amounted to over 2,000 millimeters. 
This may be another reason why this species has not caused as serious 
injury as some of the others. 
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Tabi^E IV. — Record oj food eaten by larvae of Crambus mutabilis 
{Linear millimeters of blue-grass leaves, average width about 3 millimeters.] 


las tar. 

Maximum | 

Minimum. 

Averaec. 

1 

Number 
of larvce. 


A/m. 

Mm. 

A/m. 


IV 

60 

5 

33 

20 


13s 

.SO 

93 

20 


480 

35 

183 

19 

Vll 

I, lAO 

90 

496 

18 

VIII 

576 

68 

268 

4 

Total 



1.073 






The normal number of instars for mutabilis appears to be seven. 
Two larvae pupated from Instar VI, but neither lived until emergence. 
The males and females develop in very nearly the same time, showing 
a difference of only 0.2 of a day between the averages for 8 of each sex. 

The width of head and average length of the larva in each instar 
are shown in Table V. 


Table V. — Larval measurements of Crambus mutabths 



i 


Head width. 




Instar. 

Number 




Body 


measuretl. 

Maximum 

Minimum | 

Average. 

length. 




i 

8 

A/ m. 

Mm. j 

I Mm. 

Mm. 

I 


0. 194 

0. 194 1 

0 194 

I 7 

II 


6 

• 301 

.301 ! 

.301 

2. 8< 

Ill 



4 

■459 

. 424 

• 441 

3 0: 

IV 


5 

.582 

• 547 

• 570 

5.0 

V 


5 

. 900 

.812 

.847 

9. o< 

VI 


II 

I. 306 

I. 166 

1. 227 

13. o< 

VII 


3 

I. 912 

I. 586 

I. 730 

18. 0( 


DESCRIPTION 

Instar I. — Head shining black, cervical plate fuscous, protliorax a little darker 
than abdomen, mesothorax and metathorax concolorous with it. Abdomen pale 
transparent yellow. Pinacula on thorax and abdomen dusky and conspicuous, 
unusually so for the first instar in this genus. 

Instar II. — Head sliining black, frons deep fuscous, cervical plate castaneous, 
a little paler and more reddish than head Rest of thorax and abdomen pale yellow. 
Pinacula dusky and conspicuous, for each is surrounded by a small area of brownish 
overcolor. 

Instar III. — Head shining black, frons paler, fuscous, cervical plate fuscous, rest 
of thorax and body pale, tinted by the ingested food, skin finely granular. Pinacula 
brownish, rugose, more or less conspicuously surrounded by a brownish area. Caudal 
plate pale with dusky dots. 

iNgTAR IV. — [No description obtained.] 

Instar V.—Head dark yellow with clearly defined yellowish bromi markings 
made up of round spots arranged in broken groups but in a definite pattern as follows : 
One area bordering the vertical suture and extending down on to the face in a branch 
each side of the frons; another larger triangular area with its base on caudal margin 
of head, extending forward until its tip joins the forks of the vertical spot, below' 
this a smaller crescent-shaped area midw'ay between the frons and caudal margin of 
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head, and below this a line running from the ocellar area to the caudal margin of 
the head. This pattern remains constant throughout the remaining instars. Cervical 
plate dusky yellow with small dark spots. Body color pale greenish yellow tinged 
with a faint claret or maroon overcolor. There are four longitudinal rows of whitish 
spots, one on each side of the narrow middorsal line and a broader one on each latero- 
dorsal aspect above the spiracles, giving the larva a striped or spotted appearance. 
Venter pale green, skin finely granular and glistening. Pinacula dark yellowish 
brown, rugose 

Instar VI -Head dusky yellow witli conspicuous groups of round fuscous spots; 
frons concolorous with head. Cervical plate yellowi^ brown, with several dark 
spots. Rest of thorax and abdomen entirely covered with the brown overcolor 
except for the four longitudinal pale or greenish lines which are more conspicuous 
in this instar Pinacula darker than body, nearly concolorous with dark markings 
on head Black cicatrices on tlie pedal segments of the abdomen about the size 
and shape of tlie spiracles. Caudal plate dusky yellow with dark markings. 

Instar VII — Head as in Instiu- VI with the markings more sharply defined. 
Cervical plate dusky yellow with a faint, dark-bordered pale median line, otherwise 
as in Tnstar VIII. 

Instar VIII. —Head dusky or amber yellow, with dark markings composed of 
close groups of round yellowish brown spots arranged as described under Instar V. 
Frons dusky yellow, outlined with a very fine dark line and outside a pale V, which 
at apex continues caudad to the vertical suture. Cervical plate dusky yellow, with 
narrow, dark-bordered pale median line and some small dark markings. The four 
rows of irregular whitish spots give the larv'a a distinctly striped appearance. Pina- 
cula yellowish brown, leathery, shining, rugose. Cicatrices larger than spiracles, 
black. (PI 2, B ) 

THE PUPA 
DESCRIPTION 

The pupa is pale yellow when first formed, soon changed to a |;olden yellow, the 
head, thorax, and wing cases darkening as it approaches maturity Spiracles are 
present on abdominal segments 3 to 9, inclusive, those on segment 3 almost under 
the edge of the wing cases, those on segments 5 to 8 elevated, the one on segment 
9 pale and merely a scar. Anal process rather narrow (PI 2, G), a dorsal rounded 
ridge of nearly uniform width running to the rather truncate and downwardly bent 
tip. At the angles of this tip stand the seta' of the dorsal pair, veiy small, depressed, 
and inclined cephalad At each side of the dorsal ridge is a flattened depressed 
area cut by the deep, wide, curved nasal groove at whose caudal end stands a small 
tubercle Ventrad this anal process is more tapering and ends in a rounded elevation 
from the side of which arises the ventral pair of setae, somewhat larger than the dorsal 
pair and diverging Cephalad of this terminal elevation are four or five shallow, 
parallel, longitudinal depressions as if made by fingers laid side by side. The tip 
of the abdomen beneath is flattened but not concave. 

THE COCOON 

When fully grown the larva makes its cocoon (PI. i , B) either by walling 
off a section of its burrow or constructing a separate chamber near by in 
the soil, more often the latter. The cocoon is about 1 5 millimeters long 
and half as wide, shaped like a peanut meat, rather firm to the touch, 
lined with soft gray silk and outwardly covered with earth particles 
so that it is not easily found. It lies close to the surface of the ground 
and when buried deeper has an extension reaching the surface. In 
emerging the moth leaves the pupal shell entirely within the cocoon. 

SYSTEMATIC RELATIONSHIPS 

Crambus mutabilis appears to be the ultimate of one series in this genus. 
It differs from hemiockrellus (i, p. 57), its nearest relative, in the greater 
development of the antennae and the reduction in the male genitalia. 
The male antennae are more strongly pectinate than those of hemiochrel- 
lus; in fact, more so than in any other species of the genus which the 
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writer has seen. Each of the median segments bears from 14 to 18 sen- 
soria (PI. 2, A) compared with 8 or 10 in hemiochrellus . The male genita- 
lia give the best basis for comparison. The free costa, which in hemiochreU 
Ins is a stout naked spine as long or longer than the sacculus, is in mntabilis 
a small slender spine less than half the length of the sacculus, which 
remains practically the same. The tegumen and uncus retain much the 
same shape, but the cornutus (PI. 2, E) in the aedoeagus is both shorter 
and more slender than in Itemiochrellus, The wing shape and the general 
uniform coloration remain similar in the two species, and the eggs of the 
two assume and retain exactly the same color during the incubation 
period. 

NATURAL CONTROL 

That this species has not more frequently been recorded as a destruc- 
tive pest is probably due to two factors — the apparent great suscep- 
tibility of the larvse to disease, and the attacks of parasites. 

DISEASES 

While making intensive studies of this species at Nashville, Tenn., in 
rich blue-grass meadows, where the larvse were known to be abundant, 
areas were often found in which practically every burrow contained only 
the flaccid dead body of the maker The same disease, evidently bacterial, 
was met with in the laboratory, and it was only by using the strictest care 
in the sterilization of the tin boxes used as rearing cages that it was pos- 
sible to bring the larva? to maturity. The disease first manifests itself in 
the lack of appetite and sluggishness of the larva. The next day the larva 
is dead and somewhat softened, but not externally changed. Another 
day reduces it to a shapeless sack filled with a dark brown semiliquid. 
Finally the skin also breaks down and the mass gradually dries up, leaving 
only a dark stain. The writer has not succeeded in getting a determi- 
nation of the cause of the disease, but that it plays a very large part in 
keeping this species from becoming a serious pest can not be doubted. 

Another disease which is less common kills the larv^a more gradually. 
It usually begins at the caudal end and leaves it corky in texture and 
densely filled with a mass of whitish hyphae. The fungus causing it has 
been determined by Dr. A. T. Speare as a species of Isaria. 

PARASITES 

Because of the fact that the larvae of this species have a more open 
method of feeding than some of the others, they appear to be more 
subject to the attacks of parasites than those which remain more con- 
stantly underground. 

Two species of tachinid flies have been reared from larvae of Crambus 
muiabUis, namely Phorocera claripenms Macq. and Exorista nigripalpis 
Towns., neither of which apparently has heretofore been recorded from 
this host. Both were reared from larvae collected by W. H. Larrimer in 
connection with an outbreak of webworms near La Fayette, Ind., in June, 
1920, in which two species of Crambus were concerned, C. irisectus and 
C, mutahUis, the former predominating to the extent of about 80 per 
cent of the total. 

Fifteen flies of the species Phorocera claripennis Macq. were reared 
from 14 host larvae, two of them maturing, in one instance, from one host. 
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Onecamefrom a larva determined before its death as and 

the others all from mixed larvae specifically undetermined. It is therefore 
unknown whether this parasite is limited to the single host or divides its 
attentions between the two. Further rearings are necessary to settle this 
point. The mature maggots of this species almost invariably issued 
from their host while it was still a larva and from one to three days after 
its death, leaving only an empty head shell and a shriveled skin. The 
adult flies appeared from ii to 19 (average 13.5) days after pupation. 
The eggs are white and conspicuous and are attached to any part of the 
host, most frequently about the thoracic segments. As many as 14 eggs 
have been seen on one individual, but it seems very unusual for more than 
one of the parasites to reach maturity, at least on a host of this size. 
In the one such case observed both of the two flies appearing were very 
small and one failed properly to expand. In fact, this fly does not seem to 
have the vigor of Exorista nigripalpis, for, although reared under exactly 
similar conditions, nearly half of them failed properly to expand their 
wings upon emergence, and some failed even to free themselves from their 
puparia. Several of the crambid larvae which yielded these flies did not 
have eggs on them when collected, but the shells had probably been 
molted off after maggots had hatched and entered their host. 

Only a single fly of the species Exorista nigripalpis Towns, was reared 
from a larva previously determined as mutabdis^ and as a considerable 
number were obtained from larvae known to be trisectus this parasite is 
discussed in a forthcoming paper dealing with trisectus. 

The writer has records of two species of hymenopterous parasites 
attacking Crambus mutabilis. 

Apanteles crambi Weed has been recorded from other species of the 
genus, and recently (lo, p. 546) from mutabilis from South Dakota and 
Tennessee. When full-grown the grubs of this parasite emerge from 
their host and spin a mass of white cocoons near by. The host remains 
alive for several days, but finally dies without moving or feeding. The 
adult parasites einerge in six or seven days after the cocoon is formed. 

Macrocenirus crambivorus Vier. has been reared twice from larvae of 
Crambus mutabilis at Nashville, Tenn. In both cases the host larvae 
were nearly full grown but appeared abnormally pale when collected. 
In the rearing box each constructed a silken case, and when this was 
examined a little later the larva had been replaced by a dense mass of 
elongate yellowish brown cocoons, 20 or 25 in number. The following 
day the white pupae could be seen indistinctly through the cocoons. 
The parasites became adult and active within their cocoons eight or nine 
days later, but their actual emergence seemed to be entirely dependent 
on proper conditions of humidity. In one instance the adults, although 
active within the cocoons, did not emerge until the stopper of the vial 
was moistened, whereupon they all released themselves within five 
minutes. Other groups behaved in the same way unless they had been 
so long confined to their cocoons that they were unable to emerge at all. 
The adults are slender, yellowish brown in color, and very active. The 
females trail a long threadlike ovipositor behind them. In the writer’s 
rearings all those emerging from a single mass of cocoons were of one sex. 
Others, also apparently of this species (determined by S. A. Rohwer as 
Macrocenirus sp.) were reared from two of the undetermined larvae taken 
at La Fayette, Ind., in June, 1920. One yielded 14 males and the other 
29 females. 
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ARTIFICIAL CONTROL 

Injury to com by the striped sod webworm can more easily be prevented 
than remedied. When a field is in meadow or pasture, the moths ara 
attracted to the low, rich portions where the grass growth is most luxu- 
riant. If a sod field be broken and planted to corn, injury is most 
likely to occur in such portions. To prevent the injury the sod should 
be plowed as early as possible in the fall, in late July or August if possible. 
Land plowed after the middle of September generally shows little reduc- 
tion in infestation compared with that plowed in the spring, because by 
September the majority of the larvae have entered their winter quarters, 
where they are not seriously injured by plowing. If the sod is plowed 
early enough to deplete seriously the food supply of the fall generation 
and force the larvae into winter quarters in an undernourished condition 
and incompletely protected, the method may prove somewhat beneficial. 

Where lands permanently in grass, such as meadows, lawns, and 
parks, are heavily infested, premature drying and browning of the plants 
may be caused, becoming especially evident during periods of drought. 
Little can be done in such cases except to stimulate the growth of the 
grass by applying a quick-acting fertilizer, such as nitrate of soda. 
Fortunately, the portion of a meadow most attractive to this insect is 
the last to suffer from unfavorable moisture conditions and remedial 
treatment in such places will very seldom be required. 

Although poisoned bran bait has been tested in a few instances, for 
the most part unsuccessfully, no opportunity has as yet presented itself 
to give this method a thorough trial. It may yet be found feasible for 
use in heavily infested grasslands. 

SUMMARY 

Crambus mutahUis is a common species over the eastern half of the 
United States and as far west as Iowa, Utah, and Texas. Its food 
plants seem to be limited to the grass family. 

It has been known to cause injury to young com and to grasslands, but 
in such cases it is usually associated with some other species. 

There are three generations a year in Tennessee, the third being the 
smallest, and gradually diminishing northward until there are only two 
at the northern limits of the species. 

The moths are grass lovers and seek the lower and more luxuriant 
portions of pastures and meadows. They lay about 500 eggs, dropping 
them promiscuously as they fly. 

The larvae in the larger instars are distinctly striped and easily recog- 
nized. They construct tubular burrows in the earth opening at the 
surface and feed on near-by grasses, cutting off the leaves and dragging 
them into the burrows. In the fall they construct tubular nests among 
the grass stems, either above or partly in the ground, and pass the winter 
as partly grown larvae, completing their growth in the spring. 

Crambus mutahUis is more specialized than C. hemiochrellus^ its nearest 
relative, and is evidently the terminus of one line of development in the 
genus. 

The larvae seem very susceptible to disease and are also frequently 
parasitized by both Hymenoptera and tachinids. 

Control measures consist of early fall plowing of sod lands intended for corn 
the following year and rotation of pastures and meadows whpe the insect 
is destructive. Ordinarily natural agencies prevent its injurious increase. 
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PLATE I 
Crambus mutabilis: 


A. — ^Winter cases of larvae on blue-grass plants. 

B. — Pupal shells and cocoons. 

C. — Eggs. Greatly enlarged. 
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PLATE a 
Cramhus mutabilis: 

A. — Male antennal segment (twenty-fifth), greatly enlarged. 

B. — Setal map of three thoracic and third and ninth abdominal segments of larva* 

C. — Male genitalia: Tegumen and uncus. 

D. — Male genitalia: Harpes. 

E. — Male genitalia: Aedoeagus. 

F. — Female genitalia: Valve. 

G. — Tip of pupa, dorsal view. 




SILVER-STRIPED WEBWORM, CRAMBUS PRAEFECTEL- 
LUS ZINCKEN^ 

By Gborgb G. Ainslir 

Entomological Assistant^ Cereal and Forage Insect Investigations^ Bureau of Entomology t 
United States Department of Agriculture 

INTRODUCTION 

Although of less economic importance than many other members of 
the genus, Crambus praefeciellus is so widely distributed that it is sure 
to be met with by anyone interested in these beautiful little moths. It 
is one of several species with a longitudinal silvery-white stripe in the 
forewing (fig. 2). It is most likely to be confused with C. leachellus 
Zincken, which, however, is a larger species with the white stripe running 
much closer to the costal margin of the wing than it does in praefeciellus, 
Crambus quinquareatus Zeller and C. unistriatellus Packard also resemble 
it in size and general pattern, but in the former the apex of the wing is 
acuminate and in the latter the white stripe runs the full length of the 
wing, characters which easily distinguish their possessors from the species 
under consideration. 

SYSTEMATIC HISTORY 

Crambus praefeciellus was first described by Zincken (9, p. 249)^ in 1821 
from specimens sent him from Georgia. He placed it in the genus Chilo, 
which at that time was synonymous with what we now know as the 
subfamily Crambinae. Clemens (j, p. 20 j) redescribed it in i860 as 
Crambus involuiellus. In his revision of the group in 1863, Zeller (<?, p. 18) 
placed Zincken’s species in its present genus and incorrectly placed 
involuiellus as a synonym of leachellus Zincken. In this he was followed, 
with some hesitation, by Grote (7, p. 77), but Fernald (5, p. 45) corrected 
the error and first placed involuiellus Clemens as a synonym of praefeciellus 
Zincken, a course approved by all later writers. The synonymy then 
stands as follows: 

Chilo pra^ectellus Zincken, 1821 
Crambus involuiellus Clemens, i860 
Crambus praefeciellus (Zincken) Zeller, 1863 

Although the bibliography of this species comprises some 25 titles, the 
great majority of these are merely references to the occurrence of the 
moths in various localities. Felt (4, p, 85) figures and discusses the 
species, but since he did not find it at Ithaca, N. Y., where his work was 
done, he gives us no biological information. Fernald (6, p. 31) figures 
and describes the adult and concludes with the comprehensive state- 
ment, ** Early stages and food plant unknown.” Since that time Britton^s 
paper (2, p, 222) is the only publication that adds to our knowledge. 


1 Accepted for publication July iz, ig«a. This paper is the fourth in a series of Contributions to a 
Knowledge of die Crambinae of North America. 1 , Crawlms hemtockrellus Zeller, appeared in Annals 
of the Bntomological ^ciety of Amenca for March, 19x8, and II, Crambus laqueatellus Clemens, appeared 
in the June. igaa. issue of the same journal. The third paper, entitled, “Striped Sod Webworm, Crambus 
muiMUs Clemens," precedes this paper in the Journal of Agricultural Research. 

' Reference is made by number (italic) to “Literature cited," p. 4^4" 4^5 
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GEOGRAPHICAL DISTRIBUTION 

Crambus praefeciellus is a strictly American species and seems to be 
limited to the eastern half of the United States. It has been taken in 
practically every State east of the Mississippi River and also in North 
Dakota, ^uth Dakota, Minnesota, Iowa, Colorado, Missouri, Arkansas, 
and eastern Texas. It is reported from Cartwright, Manitoba, and also 
occurs in eastern Canada, at least along the southern edge. The ac- 
companying map (Fig. i) shows at a glance its present known distribu- 
tion. The following list gives the States from which records are avail- 



Fig I.— Map of the United States lowing known distribution of Crambus praefeciellus. 


able and also gives the first and last date and the intervening months 
when collections have been made : 


Arkansas. March 28, June, July 3. 
Colorado. (Date uncertain.) 
Connecticut. May 26, September i. 
Florida. February 7, March, April 30. 
Georgia. (Date uncertain.) 

Illinois. May 31, June, July, August, 
September 3. 

Indiana. August 11, 12 . 

Iowa. July 8, August, September 6. 
Kentucky. Atigust. 

Maryland. August 30. 

Massachusetts. May 3 1 , June, August 2 2 . 
Minnesota. June 19, July — . 
Mississippi. May 3, June 22. 

New Hampshire. August i to 7. 

New Jersey. May — , June, July, August, 
September ii. 


New York. May 21, June, July, August 
18. 

North Carolina. June — , July, August 23. 
North Dakota. June 12, July 21. 
Pennsylvania. May 24, June, July, 
August 19. 

South Carolina. April i to 7. 

South Dakota. June 24. 

Tennessee. April 3, May, June, July, 
August, September, October 20. 

Texas. January 30, March, April, May 
22 . 

Virginia. September 5, 6. 

West Virginia. May 30. 

Wisconsin. September 10. 

Manitoba, Canada. (Date uncertain.) 
Ontario, Canada. June 4, July 6. 


FOOD PLANTS 

Com, wheat, rye, oats, blue grass {Poa praiensis), pigeon grass (Setaria 
glauca), and timothy (Phleum pratense) were all used as food plants in 
the writer’s rearing cages and all were accepted readily by the larvae. 
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Doubtless this list could be almost indefinitely extended. Judging from 
the habit of the moths in frequenting weedy waste ground in preference 
to grassy places, it is very likely that the larvae also feed on plants other 
than grasses. The foregoing plants include all on which larvae have been 
taken in the held. 


ECONOMIC HISTORY 

While it can not be regarded as a serious pest, CrawJbus praefectellus 
in one or two instances has shown that it can cause considerable injury 
under certain conditions. Single larvae have been taken destroying 
wheat at La Fayette, Ind., and com at Lakeland, Fla., Prescott, Brink- 
ley, and Hot Springs, Ark., and Knoxville and Caney Spring, Tenn. 
Larvae were received from Advance, Mo., with the report that they 
had injured 50 acres of a 300-acre cornfield. Britton's {2) recent account 
is the only published record of injury by these larvae. In this case a 
small field of corn in the outskirts of New Haven, Conn., was almost 
totally ruined. The field had been in grass previously, and was plowed 
in the spring and planted to corn. The plants were attacked while 
small, and so numerous were the larvae that only a very few plants 
escaped injury and produced grain. 

Just what factors in the life economy of this species prevent* it from 
more often becoming destructive can not be stated. Probably parasites, 
predacious enemies, and disease all play their parts, but nothing is known 
about these. It is apparent that this insect has not in any special way 
adapted its life cycle to extremes of climate. It has no definite protective 
resting period and consequently is overtaken by winter and unfavorable 
weather in all its different stages, some of them unfitted to resist such 
conditions. The mortality from such causes must be very great. 

If control measures were needed, probably the best would be early 
fall plowing of land intended for com the following season. If this 
were done, and the planting delayed as long as possible in the spring, 
the ground meanwhile being fallow and free from weeds and ^ass, there 
should be very slight possibility of the larvae surviving until the com 
germinated. If the infestation is not discovered until the com is up, 
as is usually the case, little can be done but to replant alternately with 
the old rows, allowing them to stand as long as possible before cultivat- 
ing them out. This method is described more fully in another paper 
(L P- ^5)- 

SEASONAL HISTORY 

The earliest seasonal record for a moth of Crambus praejectellus is 
January 30, at New Caney, Tex. It has been taken at several points 
in Florida during February. In Tennessee, where continuous observa- 
tions have been made for several years, the tot moths make their appear- 
ance during April, usually toward the end of the month. It is always 
the tot species of the genus to appear. On one occasion a battered 
male moth was taken at Knoxville on April 3. This is more than two 
weeks earlier than the moths have been taken in other years, and the 
pupa from which it emerged may have been formed in a particularly 
sheltered location. 

After their tot appearance the moths do not become abundant but 
are found singly and scatteringly throughout the greater part of the 
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summer. The generations are not distinct, although at some times 
the moths appear to average fresher than at others. It is very evident 
that they breed continuously and that the larvse do not have any con- 
siderable resting period after completing their growth but pupate at 
once. Judging from laboratory rearing records, there are probably 
three generations during the year in Tennessee. Farther north this 
number may be lessened and at the southern limit of its range there are 
probably more. With a species such as this, in which the generations 
follow one another without intermission other than the delays due to 
unfavorable weather conditions, the number of generations in any given 
season is directly dependent on the length of the growing season and may 
vary from year to year. 

All the available data as to the seasonal appearance of moths in other 
regions are so scattered and fragmentary that it seems impossible to 
draw any definite conclusions from them. In the list given under 
* ‘Geographical distribution,” the seasonal records are arranged by 
States. In the following list the same data are arranged by months, 
in order to show very incompletely the seasonal trend of the occurrence 
of the moths. 


January Texas. 

February Florida. 

March Texas, Florida, Arkansas. 

April Texas, Florida, South Carolina, Tennessee. 

May Texas, Mississippi, Tennessee, West Virjjinia, Illinois, New Jersey, 

Pennsylvania, New York, Massachusetts, Connecticut. 

June Mississippi, Arkansas, Tennessee, North Carolina, New Jersey, 

Illinois, Pennsylvania, New York, Massachusetts, Minnesota, 
South Dakota, North Dakota, Ontario. 

July Arkansas, Tennessee, North Carolina, Illinois, Pennsylvania, New 

Jersey, New York, Iowa, Minnesota, North Dakota, Ontario. 
Aujjust .... Tennessee, North Carolina, Kentucky, Illinois, Maryland, New 


Jersey, Pennsylvania, New York, New Hampshire, Massachusetts, 
Indiana, Iowa. 

September. . . Tennessee, Illinois, Virginia, Connecticut, New Jersey, Iowa, 
Wisconsin. 

October Tennessee. 

THF MOTH 

The writer has never found the moths of this species really abundant. 
Usually they have been taken very sparingly, one or two at a time and 
very seldom as many as half a dozen in a day's collecting. They were 
seen most abundantly at Greenwood, Miss., on the night of June 22, 
1915, when 34 were taken at electric street lights between 8 and ii p. m. 
In the field the moths seem to prefer more or less open, weedy or waste 
ground, such as neglected strawberry beds or fallow fields, rather than 
grassy places. 

When the moths are flushed during the day, they usually fly only a 
short distance and may be readily captured with a small vial, but toward 
dusk they are much more wary, and when disturbed frequently fly 50 
feet or more before settling. They alight, apparently without prrference, 
on any part of an object, leaf, grass stem, or very frequently on the bare 
ground. They seldom rearrange their position after alighting. In the 
field, the silvery stripe and the brassy shade of the forewing in fresh 
specimens make them easy to identify at a considerable distance. Around 
lights at night they can be distinguished from Crambus teterrellus Zincken, 
the only other species of equal size with which they are apt to be asso- 
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dated, by their habit of lying closely parallel with the surface on which 
they are at rest, quite in contrast with the moths of ieterrellusy which rest 
with their heads pressed closely to the surface and their bodies elevated 
at an angle of 25°. 

The data on hand show that these moths are not especially prolific, at 
least compared with some of the other species of this genus. The average 
number erf eggs laid by the 41 females of which the writer has records 
was 1 1 8. This includes moths taken in the field and confined in dry 
vials and in tin boxes with water and with honey. The largest number 
laid by a single individual was 533, and only 9 of the entire 41 laid more 
than 200 eggs. The moths evidently mate immediately after issuing 
from the pupa, for not one of those collected in the field, some of them 
very fresh, laid infertile eggs. 

There is nothing to indicate that the adults of either sex ingest anything 
besides water. They do not seem in the least attracted to flowers or 
other possible food sources. One moth excitedly waved her antennse 
when approached with a droplet of honey and when finally induced 
to taste it, rapidly sucked it up. An attempt was made to determine 
if food in the form of dilute honey had any effect on the length of life or 
the egg production. The following table summarizes the results and 
leads to the conclusion that food has no pronounced effect above that of 
plain water, on either longevity or fecundity, but that either water or 
honey appreciably prolongs the life and increases egg production above 
that of moths confined in dry vials. As the majority of these moths 
were taken in the field, the averages as given arc rather below than 
above the normal. 

Table I . — Relation of feeding to longevity and fecundity of moths of Crambus praefectcUus 



Male. 


Female. 



Longevity. 

Number 

averaged. 

Longevity. 

Number 

averaged. 

Eggs 

produced 

Number 

averaged. 

Water 

Days. 

9. 07 

15 

Days. 

8.9 

8 


8 

Dilute honey 

7 - 45 

20 

II. 25 

12 

134 

12 

Dry 

7 - 75 

4 

6. 72 

18 

96 

21 


DESCRIPTION OF MOTH (FIG. 2) 

^ Wing cManse, 18-2 5 millimeters. Head , palpi , and abdomen cinereous, the abdomen 
lighter. Thorax and forewings golden fuscous, the latter with a silvery white stripe 
bordered with a fine darker line and tapering toward each end, from base to near 
subterminal line, a tooth near middle of lower side, and a silvery white dash above 
the tip and often fused with it; from this dash a dark shade with a light costal triangle 
above it, a light patch below it, and crossed by the plumbeous subterminal line, runs 
to the apex of tne wing. Costal margin wider than in leachellus, being more than 
one-half the width of the white stripe at the middle of the costa. Subtenninal space 
with 5 blacki^ venular dashes. Fringes white or slightly tin|[ed with ochreous. 
Hind wings white or slightly cream-colored, fringes white. (Rewritten from Fernald.) 
The male antennae are plainly flattened, each segtnent bearing a wedge-shaped process, 
which, in the medium segments, is provided with 8 to 10 sensoria (PI. i, E). ^e 
female antennae are filiform and are beautifully bauided with narrow alternate rings 
of brown and white (PI. i, F). 
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Genitaua.— Male: Tegutnen (PI. i, D) with body very sh<at, about one-third the 
length of the limbs, whiA are broad, nearly straight, and almost truncate at the tip. 
Uncus broad at base but quickly narrowing, slender, and of tmiform width for the rest of 
its length, the distal third dorsad thickly set with diort stout spines inclined cephalad, 
interspersed with a few sparse hairs; gnathos glabrous, its limbs widely separated at 
their tips but quickly narrowing to 5ie slender body, which considerably exceeds 
^e uncus. Harpes (PI. i, B) rather narrow at base, elongate and subfalcate in general 
shape; costa free except at base but much modified into a ^ort chitinized process, 
incurved and truncate: cucullus lightly chitinized, strongly concave, widest just 
above the base and narrowing gradually to the rather obtusely rounded tip, very hairy 
within, with an especially thick tuft just above the base. Cucullus not sharply 
separated from the sacculus, which is subquadrate in general outline, with a thickened 
costal margin and on its disk near the ventral margin a stout, heavily chitinized 
finger*like spine. The vinculum is much reduced and is merely a band of lightly 
chitinized tissue connecting the bases of the harpes. Aedoeagus (PI. i, C) lightly 
chitinized. nearly cylindrical, rounded at the base and curved in the ^ape of an 
old'fi^ioned pistol; at the tip truncate and somewhat bell-^aped, the internal lining 
for half its length roughly tuberculate; just inside the tip is a very short, sharp, chitin- 
ized thom-like comutus, and about two-thirds toward the base another much larger, 
acute, oblique spine with a very long narrow base, its tip inclined toward the tip of 
the aedoeagus. Anellus a mere ventral membrane. Female: Anal plate (PI. i, G) 



Pio. a . — Crambos PraefecUUus: Adult. About three times natural size. 


two-lobed, the dorsal lobe more feebly chitinized, about one-third the width of the 
lower, and separated from it by a deep notch, the margins of both lobes thickly set 
with stout setae. 

THE EGG 

As is the case with all other species of this genus so far as known, the 
eggs are dropped promiscuously by the female during the early evening 
as she flies about or stands at rest. They are dry and drop down among 
the grass stems to effectual concealment in the debris beneath. 

The incubation period has varied in the writer's experience from 15 
days in March in Florida to 5 days in June and July in Tennessee, with all 
intermediate gradations. During the growing season from 5 to 9 days 
seems to be about the usual duration. 

Almost snow white when first laid, the egg day by day becomes first 
pink, then flesh color, salmon, and, finally, on about the fourth day, a 
bright clear coral-red. They remain thus until about 24 hours before 
hatching, when the head and cervical plate of the contained larva begin 
to darken, giving the eggs a purplish hue. The larva escapes through a 
somewhat irregularly cut hole at one side of the larger end of the egg, 
leaving the empty shell nearly transparent and slightly iridescent, 

The eggs of this species are somewhat rounder and with the small end 
a little more acute than the average for the genus. With this as with 
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several other species, it is found that the variations among the eggs of 
different individuals, especially in size, were greater than those existing 
between this and other species, thus rendering interspecific measurements 
of very little value. In fact, it holds true throughout the genus that the 
eggs of the various species are so similar as to render them practically 
indistinguishable. 

To indicate the variation in size of the eggs of this species, the following 
measurements of two lots of 10 eggs each were made at different times : . 

TabI/^ II . — Egg measurements of Crambus praefectelltis 


I^t. 

Length. 

Width. 

Maximum. 

1 

Minimum. 

Average. 

Maximum. 

Minimum. 

Average. 


Afm. 

O- 5471 

• 5736 

Mm. 
a 5118 

•4633 

Mm. 

0. 5207 
.5018 

Mm. 

0*3353 

•3442 

Mm. 

0. 3000 
. 2692 

, Mm. 

0. 3106 

•3149 

2 



The color is of interest because it has been found that the maximum 
color attained during the incubation period is very similar in the various 
subgeneric groups of closely related species, and differs between these 
groups from a pale straw-yellow to a deep coral-red. Thus the egg 
colors as well as the head colors of the newly hatched larvae help to 
indicate the affinities of the various species. 

The chorion is ornamented with acute longitudinal ribs, usually 21 
in number, which become obsolete before reaching the poles. The polar 
areas are covered with scattered oval tubercles of variable size (PI. i, 
H). Between the ribs there are also less prominent cross carinae, about 
17 of these in the length of the egg. The egg is suboval in outline, one 
end slightly larger and more flattened than the other. 

THE LARVA 

The writer has never taken larvae in the field, and the only notes on 
their normal behavior are those contained in Britton’s account {2) of 
the attack on corn in Connecticut. Even here the conditions were not 
strictly normal, for the grass sod in which the larv^ae were living was 
plowed under in the spring and the field planted to com, forcing the 
larvae onto the young corn plants as the only available food. The 
larvae fed in the manner usual to most of the species under similar con- 
ditions, cutting a hole into the tender stalk below the ground level and 
living in a fragile tube of silk and earth particles attached to the stalk 
and leading off into the ground. Except when actually at work the 
larva does not remain in the stalk, but in this tube, so that when the 
plant is pulled the author of the injury, together with most of its domicile, 
is likely to be left behind in the earth. 

In the cages used the larvae were reared without especial difficulty. 
For the most part i -ounce or 2 -ounce tin salve boxes floored with damp 
blotting paper were used and the food was supplied in the form of short 
sections of the leaves of various grasses, usually blue grass (Poa pra- 
tensis). Under these conditions the progress through the instars was 
easily watched. It was not always easy, however, to be sure that a 
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molt had occurred. The only sure proof was to find the cast of the 
head, but in this species the first act of the newly molted larva was in 
most cases to eat the head cast, often leaving nothing but the mandibles 
as evidence that ecdysis had really occurred. 

The first food of the larva consists of the fragment of eggshell con- 
sumed in effecting escape from the egg. This particle becomes bright 
pink or salmon color in the intestinal tract. As soon as it is free from 
the egg the tiny caterpillar is ready for green food. When placed on 
a blue-grass leaf it begins operations by cutting a narrow pit lengthwise 
of the leaf, at first avoiding the veins. This pit soon becomes large 
enough to contain the entire body of its maker and then a few threads 
of silk are spun across above it. The excrement is placed on or among 
these strands and in a few hours the larva is practically concealed from 
sight by this filthy roof. After the first day or two the larva eats the 
small veins as well as the tissue between them down to the lower epider- 
mis of 4:he leaf, but not until it reaches the third instar does it consume 
the entire leaf blade. By this time it has become too large effectually 
to conceal itself on a blue-grass leaf, and thenceforth seeks the earth, 
where, for protection, it constructs a tubular retreat of mingled silk 
and earth particles. From this vantage ground it comes out, usually 
at night, to cut off and consume one by one the blue-grass leaves. 

As stated above, the larvae of this species do not spend any time in 
a resting period, but pupate as soon as fully fed, weather conditions 
permitting. Of course during the cool weather of spring and fall, and 
in the winter, their activities are much retarded or cease altogether, but 
as soon as warmer temperatures prevail feeding is resumed and the 
transformations completed. 

The following tables give figures showing the maximum, minimum, 
and average periods required for the various instars and for the com- 
plete life history, 

Tabl® III. — Length in days of various stages and instars of Crambus praefectellus 
A. BOGS HATCHING MAY 13 



Baas. 

I. 

u 

m. 

IV. 

v. 

VI nor- 

mnl 

Vlpre- 

pupaL 

VII 

prc- 

pupal. 

Pupa. 

Maximum 

9 

5 

5 

4 

6 

6 

6 

IS 

8 

12 

Minimum 

9 

3 

2 

2 

3 

4 

4 

7 

8 

9 

Average 

9 

3-46 

3 - 83 

3.00 

3 - 92 

5-20 

5.00 

9 - 30 

8. 00 

9. 87 

Number of rec- 











ords averaged 


26 

29 

27 

27 

25 

2 

19 

X 

15 



B. 

BGGS 

HATCHING JUNB 25 





Maximum 

5 

2 

4 

4 

4 

5 

s 

18 

i 

12 

II 

Minimum 

5 

2 

3 

3 

3 

2 

s 

II 

12 

10 

Average 

5 

2 

3 * 50 

3 * 17 

3 * 82 

4-25 

5-00 

13 ' 14 

12 

10 . 33 

Number of rec- 











ords averaged . 


14 

12 

12 

II 

8 

I 

7 

I 

6 
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Table III . — Length in days of various stages and instars of Crambus pratfectellus — Con. 

C. MISCELLANEOUS RECORDS. EGGS HATCHING APRIL 21 TO AUGUST 8 



Eggs. 

Larva. 

Larva- 

pui>a. 

Pupa. 

Entire 

develop- 

mental 

period 

Maximum 

IS 

38 

8S 

18 

71 

Minimum 

5 

27 

33 

9 

41 

Average 

7 - 73 

31- 5 

SI 

II. 3 

SI- 5 

Number of records averaged 

22 lots. 

14 

6S 

21 



In addition to those included in the tables, the writer has records of a 
few individuals hatching on September i8, which emerged as adults be- 
tween January 23 and February 26 of the following year, after having 
been kept in the cool room of the insectary all winter. 

It will be noted that most of these larvae pass through six instars be- 
fore pupation, but occasionally there is a seventh instar. The last instar 
before pupation is always much longer than those preceding, so that in 
order to make the averages correct these records are separated as normal 
and prepupal. 

Through an oversight, detailed color descriptions of the various larval 
instars except the first were not made. The molted head casts were 
preserved, however, and the following list of characters is drawn up from 
them: 

Table IV . — Head width of larva of Crambus praefectellus 


Instar. 

Minimum. 

Maximum. 

Average 

Number of 
heads 
measured. 

I 

II 

Mm. 

0. 229 
•335 

• 529 

.882 

1. 306 
1-493 

Mm. 

0. 229 
.300 

• 459 

• 759 
•933 

1. 306 

Mm. 

0. 229 

•325 
• 512 
.826 

1. 219 

I- 399 

Mm. 

(a) 

8 

7 

10 

15 

2 

III 

IV 

V 

VI 


A Large number measured, but exact number not known. 


In the first instar the head is shining black, paling somewhat but still fuscous in II. 
In III the ground color is still paler, with faintly darker areas indicating the later color 
pattern. In IV these markings have become much darker and more distinct, and the 
ground color of the head has become pale yellow. In the next two instars the colors 
remain the same , but become more intense. The color of the body of the larva through 
most of its growing period is a dull brown with a greenish tinge from tlie contents The 
arrangement of the pinacula and setae is shown in Plate i, A. 

THE PUPA 

The cocoon is a little case about the size and shape of a peanut meat, lined and 
stiffened with gray silk inside and outwardly covered with particles of earth. It gen- 
erally lies so near the surface that no **neck" or emergence tube is necessary. 

The pupa itself is very similar to others of this genus. Bright yellow when first 
formed, it soon darkens to a mahogany brown. A day or two before emergence the 
silvery stripe in the forewing becomes plainly visible through the covering. The 
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pupa is 9.0 millimeters Ion? and 2.0 millimeters wide. The caudal process is flattened 
into a broadly triangular plate with sharp margins, its acute tip bent slightly ventrad. 
Close to the tip of this plate below are two slender bristles with upturned ends, while 
above, more widely spaced and standing about halfway from the tip to the basal 
angles of the plate, are two shorter, smaller bristles with down-turned ends. Beneath, 
the process is flattened but not excavated. 

The data as to the duration of the pupa stage are included in Table 
III. It varies somewhat, depending on tie temperature, in the writer’s 
records ranging from 9 to 18 days. The last, however, is very unusual, 
and the average of all the records puts it at 10.65 days, which is much 
more nearly correct. Ten days may be taken as the usual duration of 
this stage during the growing season. 

SYSTEMATIC RELATIONSHIPS 

Crambus praefeciellus is closely similar to C. leacheUus in structure as 
in wing markings. The male genitalia differ in that in the former spe- 
cies the cucullus of the harpe is narrower and somewhat more falcate, 
the free costal margin is shorter and more highly chitinized, and the 
comutus of the aedoeagus is smaller. C. unistriatellus also undoubtedly 
belongs to this group. Its harpes and uncus are very similar, but the 
aedoeagus differs somewhat in its armament. Another species, as yet 
not definitely determined but externally very similar to C. leacheUus^ has 
genitalia which place it in this group, though it is certainly sjjecifically 
distinct from any of the other members. C. quinquareatus (considered 
by Felt as C. hastiferellus Walk.) is placed in this ^oup by Felt (4, p, 
but for want of more certain synonymy its position is not discussed. 

SUMMARY 

Crambus praefeciellus is an American species widely distributed through- 
out the eastern half of the United States. While not often injurious, it 
has shown itself capable of causing serious damage. 

It breeds continuously throughout the growing season. The genera- 
tions are not distinct, but rearing records indicate that three generations 
per year is the usual number. 

The moths are not often abundant. They prefer waste or weedy 
land and are seldom found in clean grasslands. The larvae are readily 
reared on grasses. Winter is passed by the partly grown or mature 
larvae. The moths from the mature larvae emerge early in the spring 
and are the first Crambus moths to appear. 
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PLATE I 

Cf ambus praefectellus: 

A. — Setal map of larva lowing arrangement of pinacula and sets on the three 
thoracic and third and ninth abdominal segments. 

B. — ^Male genitalia: Harpes. 

C. — Male genitalia: Aedoeagus. 

B. — Male genitalia: Tegumen and uncus. 

E. — Male antennal segment (twenty-fifth). Greatly enlarged. 

F. — Female antennal sennent (twenty-fifth). Greatly enlarged. 

G. — Female genitalia: Valve. 

H. — Polar area of egg. Greatly enlarged. 

(486) 






MOVEMENT OF SOIL MOISTURE FROM SMALL CAPIL- 
LARIES TO THE LARGE CAPILLARIES OF THE SOIL 
UPON freezing* 

By Gsoroe John Bouyoucos 

Research Prcfessor in Soils, Michigan Agricultural Experiment Station 
INTRODUCTION 

In conducting various studies upon the temperature’ and freezing- 
point lowering* of soils, many evidences have been obtained which indi- 
cate that the moisture of the soil upon freezing moves from the small 
capillaries, and probably also from around the particles as thick films, 
into the larger capillaries of the soil. This accumulation of the soil 
moisture in the large capillaries takes place especially when the moisture 
content of the soil is low. When the moisture content is high and under 
proper conditions the water accumulates as ice capillary columns at the 
top of the soil surfaces. These results are of considerable interest and 
importance as they bear on many soil-water relationships, such as the 
umree water, available water, freezing-point lowering, vapor-pressure 
lowering, rate of evaporation, capillary movement, osmotic pressure, aud 
perhaps others. 


EXPERIMENTAL EVIDENCES 

In measuring the freezing-point lowering of soils at low moisture con- 
tent, it was found that upon repeated freezing and thawing the lowering 
of the freezing point diminished greatly. But upon stirring the soil, 
•even gently, the freezing-point lowering would go back to the original 
magnitude. If the soil was again subjected to alternate freezing and 
thawing, the freezing-point lowering would again diminish, and if it was 
stirred the lowering of the freezing point would become as before. This 
|>rocess could be continued almost indefinitely with practically the same 
results. Allowing the soil to stand after it was frozen and thawed several 
times tended to have somewhat the same effect as stirring, that is, it 
tended to restore the freezing-point depression to the original magnitude. 
In Table I the results in the case of two soils which will serve as typical 
examples of the phenomena in question are presented. 


^ Acciq>ted for publiciition Aug. 15, 1933. 

* Bovyoucos. George J. son. temperature. Midi. Agr. Exp. Sta. Tech. Bui. 36, 133 p. 1916. 

* Bouyoucx>s. George J. and McCoox.. M. M. further studies on the freezing point lowbrino 
OP SOOLS. Mich. Agr. £xp. Sta. Tech. Bui. 31, 51 p., i fig. 1916. Bibliographical footnotes. 
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Table i. --Effect of alternate freezing, thawing, stirring, and standing on the freezing* 
point depression of soils 

WISCONSIN SUPERIOR CLAY (20 QM. SOIL AND 4.5 CC. WATER). 


Treatment. 


First freezing 

Second freezing 

Third freezing 

Fourth freezing 

Stirred gently in tube with rod 

Cooled at — 10° C. after stirring 

Stirred gently in tube with rod 

Cooled at —10° C. after stirring 

After standing one day in room temperature 
Cooled at — 10® C 


Preezkiz* 

point 

depre^on. 


•c. 

I.I15 

•955 

•645 

.620 
1. 215 
.680 
1. 215 
.700 
.787 
.701 


MICHIGAN SILT LOAM (20 OM. SOIL AND 3 CC. WATER). 


First freezing 

Cooled at — 10® C 

Stirred gently in tube with rod 

Kept at — 10® for several hours after stirring 

Stirred gently in tube with rod 

Cooled at —10® C. after stirring 

Stood in room temperature after the last reading for lo days 
Cooled at ~ 10® C 


0.8S0 

.460 


.790 

.3^ 

•7S5 


.420 

.600 

.360 


BLACK CLAY LOAM (20 GM. SOIL AND 4 CC. WATER). 


First freezing 

Cooled at —10® 

Cooled at —10® for several hours . . 
Stood two days at room temperature 

Cooled at —10® 

Stirred gently in tube with rod ... . 

Cooled at — 10° after stirring 

Stirred gently in tube with rod 


0.760 

.400 

.270 

•430 

.322 

,760 

.450 

•7<5S 


An examination of the results indicated in Table I shows the great in- 
fluence that different treatments have upon the freezing-point depression 
of soils at low moisture contents. In the case of the Wisconsin superior 
clay, for instance, the freezing-point lowering diminished by alternate freez- 
ing and thawing from 1.115° to 0.620° C. at the fourth freezing. Upon 
stirring the soil mass with a rod in the tube, the freezing-point depression 
increased from 0,620° to i .2 15°. When the soil was kept at a temperature 
of ~io° for few minutes the depression fell from i .2 1 5° to 0.680°. As the 
soil was stirred again the depression rose from 0.680 to i .2 1 5 as before. By 
leaving the soil to stand for one day at room temperature, ^ter the depres- 
sion was diminished by repeated freezing, the depression rose from 0.700° 
to 0.787°. It will be noted that in some cases stirring increases the freez- 
ing-point depression even to more than the original extent. 
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Results of the same type are also obtained on natural field soils. In 
Table II are shown the results with a silt loam taken from the field when the 
moisture content was moderately low and the soil had a crumb structure. 

Table II . — Effect of alternate freezing^ thawing, stirring^ and standing on the freezing- 
point depression of a field soil {silt loam) 


Treatment. 


Freezing- 

point 

depression. 


First freezing 

^cond freeziiig 

Stirred gently in tube 

Frozen once after stirring 

Cooled at — io° C. for several hours 


•c. 

1.150 

.870 

1.230 

.880 

.680 


These results, obtained from the natural soil, agree perfectly with and 
confirm those from the artificially moistened soil. The question is, 
therefore, what factor is responsible for the great influence on the freez- 
ing-point depression of alternate freezing, thawing, stirring, and standing 
of the soils? 

Before the effect of stirring upon the freezing-point depression was 
discovered, it was thought that the diminution of the lowering of the 
freezing point was due, at least partly, to the coagulation of the colloids 
upon freezing, and to the consequent liberation of unfree water from 
the colloids. The hypothesis * advanced was that the unfree water had a 
lower concentration than the free water, and upon its liberation it went 
to dilute the free water and thereby increased its freezing-point lowering. 
In view of the effect of stirring, however, this coagulation theory does 
not appiear to afford the whole explanation for the phenomenon. 

The most logical and plausible explanation that now presents itself 
is the assumption that, upon freezing, the moisture in the small capillaries 
and that surrounding the particles as thick films accumulates in the larger 
capillaries of the soil by the force of crystallization. In other words, flie 
water in the larger capillaries, upon freezing, draws upon itself by the 
force of crystallization the water from the finer or smaller capillaries 
and films around the soil particles, and grows at their expense, llius the 
water in the large capillaries affects the freezing-point depression differ- 
ently from that in the small capillane^:. How this is accomplished will 
be discussed later. Meanwhile, further evidence is here offered indicat- 
ing that water moves from the small to the large capillaries upon freezing. 

When a soil with low moisture content is frozen, small droplets or 
particles of ice are formed at different places in the soil mass. These 
ice particles or droplets occiu* in soils both under laboratory and field 
conditions and can be seen very readily and distinctly even with the 
naked eye. Upon close examination it is found that they occur mainly 
in the most porous places or in the largest capillary spaces between the 
soil particles. 

However, when the soil is very moist and the freezing process is not 
too rapid, the moisture freezes at the surface of the sdl in the form of 


* B0UYOUCO8, George J. tks coNCRNTHATictti of thb sonu soLtmoN arowd thb son, particlbs. In 
Soil Sci., V. XX, p. S3X-Z38. X911. 
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ice capillary columns, or long needle-like crystals. The force of crystalli- 
zation seems to pull the water from below and bring it to the sur- 
face, where it freezes into these massive ice capillary columns or com- 
pact needle-like crystals. In Plate I a t)q)ical example of this phenome- 
non is shown. Hiis picture was taken on a muck soil during the latter 
part of November, when the soil temperature below the surface was still 
considerably above the freezing point. The ice capillary columns would 
be formed at the surface of the soil without penetrating the lower depths, 
growing upward as straight needles or thin capillary tubes massed to- 
gether. The growth seems to take place at the lower end and push 
the entire column upward, as the capillary tubes are elongated from 
below. The ice column shown in Plate I is about 4 inches thick, and 
was formed during three nights. The formation for each night is indi- 
cated by the lines or layers seen in the column. 

As previously stated, the water which went to make this 4-inch column 
of ice came from the capillary water of the soil at a lower depth, and 
was brought to the surface by the pull or force of crystallization. From 
these results it is easily understood that it is possible for the moisture 
to move from tlie finer capillaries, and from around the particles 
as films, to the larger capillaries of a soil short of saturation. This 
phenomenon of the transference of moisture from the smaller to the 
larger capillaries upon freezing is somewhat analogous to another phe- 
nomenon — the tendency of small drops of liquid to unite into a single 
drop, which is accomplished either by actual contact or by the trans- 
ference of vapor from the smaller to the larger drops. 

In referring again to the effect on the freezing-point depression, another 
question arises : Why should the water in the large capillaries affect the 
freezing-point depression differently from that in the finer capillaries ? 

These differences can be easily explained if the hypothesis® previously 
advanced is correct. This hypothesis assumes that the solution immedi- 
ately around the soil particles and in the very fine capillary spaces is 
less concentrated than tlie mass of the solution. This assumption which 
accords with the results presented in this paper, holds that the force of 
crystallization tends to draw the moisture from the finer capillaries and 
from around the particles as films into the larger capillaries. It is readily 
seen that during freezing and thawing the dilute solution from the finer 
capillaries and the films from around the particles go to dilute the 
solution in the larger capillaries or the mass of the solution. The con- 
sequence is that the original freezing-point depression is diminished. 
When the soil mass is stirred the moisture is again redistributed and 
readjusted and the freezing-point depression becomes as before. 

If the hypothesis of the difference in concentration between solution 
in mass and that in the finer capillaries and around the soil particles is 
true, the above explanation is probably the correct one. But Parker • 
has published results to show that when the water is reduced to film or 
capillary form it has a decided physical effect upon the freezing-point 
depression. If his claim is true the explanation that immediately 
suggests itself is that the water in the larger capillaries has less physical 


6 BoUYOUCOS, GcOfKC J. 01* CTT. 

• PakKRK, F. W. MBTHODS op STX7DY1N0 THB CONCBNTRATIOK AND COMPOSmON OF IHB SOtt SOLUtlON* 
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effect upon the freezing-point depression than that in the finer capillaries 
and around the particles as thin films. 

It can not be definitely stated now which of these two explanations 
is correct. If the latter one is true the position or relative distribution of 
the capillary water as between the finer and larger capillaries affects not 
only the freezing-point depression but also such factors as osmotic pres- 
sure, vapor pressure lowering, rate of evaporation, available water, etc. 

Since any treatment of the soil (stirring, breaking up the compound 
particles or crumbs, freezing and thawing, addition of flocculent or de- 
flocculent agents) would alter the position of the capillary water as be- 
tween the small and large capillaries and films, and would have a pro- 
nounced effect upon the above factors, their determination could not be 
absolute. Such determinations, for instance, as the vapor-pressure 
lowering of soils as reported recently by Thomas,’ could not be considered 
absolute. If stirring, freezing, etc., affect the freezing-point depres- 
sion, they will certainly also affect the vapor pressure lowering. The 
same would be true for several of the other factors. 

SUMMARY 

Evidence is presented which shows that when a soil short of saturation 
is frozen, the force of crystallization tends to draw the moisture from the 
small capillaries and from around the particles as thick films, into the 
larger capillaries. 

However, when the soil is wet or saturated, under proper conditions 
the moisture freezes at the surface of the soil and forms capillary ice 
columns or thin needle-like crystals. The force of crystallization draws 
the water from below, which freezes at the lower end of the column and 
pushes the entire column upward. 

The relative distribution of the capillary water is between the finer 
and the larger capillaries and may have a very appreciable effect upon 
such factors as freezing-point depression, vapor-pressure lowering, 
osmotic pressure, and rate of evaporation. Any treatment of the soil 
which will alter the relative distribution of the soil moisture as between 
the finer and larger capillaries would seem to affect these factors. 


7 Thomas, Moyer D. aqueous vapor pressure op soix3. In Soil Set, v. xi, p. 409-434. 5 fie. 
References, p 433-434- 



PLATE I 


Coltunn of ice composed of thin capillary tubes or needlelike crystals formed at 
the surface of a wet muck. The force of cryrtallization brings the capillary water 
to the surface and, as it freezes into these massive capillary tubes, the whole column 
is pushed upward as the growth takes place at the lower end of the whole. 

(43*) • 



tit ‘li Soil Muisliire oil.)’' I tot'/m 


Plate I 



! )Urr if At’r ' Ml + iir il R* i 'U' t' 


Vi/ f liT _t 


1 ) L 






NUTRITIVE VALUE OF THE GEORGIA VELVET BEAN 
(STIZILOBIUM DEERINGIANUM)‘ 


By J. W. Rkad, Head of Department of Agricultural Chemistry^ and Barnbtt Surb» 
Associate Professor of Agricultural Chemistry ^ Arkansas Agricultural College 

This paper is the third (6,5)* of a series of investigations covering the 
nutritive value of the Georgia velvet bean as originally planned and out- 
lined by the senior author. It discusses the supplementary relationship 
of whole and skimmed milk to the hulled seed and the whole plant, and 
of the leaf and the hulls to the seed. Subsequent papers will deal with 
the biological analysis of velvet bean meal (ground pods and beans), the 
dietary deficiencies of some practical rations including the velvet bean as 
a certain portion of the diet, and the biological evaluation of the whole 
plant. These investigations are in progress. 

In the authors* first paper (6) it was shown that the seed of the Georgia 
velvet bean, unlike most seeds so far studied, has a great abundance of 
vitamine A, but is deficient in salts, in quality of protein, and ijci vita- 
mine B; that the raw mature seed is toxic to rats, and that the auto- 
claved seed, when it is the sole source of food, is inadequate even for 
maintenance. It was also shown that a ration composed of 60 per cent 
cooked seed (tough seed coats excluded) and 40 per cent dextrin served 
for maintenance for eight weeks. During the first six weeks all of the 
animals were apparency in an excellent state of nutrition, but imme- 
diately following this period their coats became rough, with some loss of 
hair. It was evident that a dangerous point in the maintenance curve 
had been reached and the ration was changed by the addition of a liberal 
supply of whole milk. On the modified ration all of the animals made 
even better than normal growth and three generations were reared suc- 
cessfully. Since the authors* previous work indicated that the seed is 
rich in the A vitamine, experiments employing skimmed milk instead of 
whole milk and replacing dextrin by starch were also introduced. 

Recently Mattill and Conklin published a paper { 2 ) which showed that 
milk, even when given in the dried form to furnish enough of the solids 
and fortified with iron citrate, permits no rearing of the young, although 
it does promote considerable growth. On a ration composed of 99 parts 
dried milk and i part yeast they secured normal growth and partially 
successful reproduction. For this reason, these authors suggest the 
possibility of yeast supplying something unique in the ration. On the 
basis of the results secured on their various milk diet, they also express 
the opinion that milk may be both quantitatively and qualitatively 
inadequate for adolescent growth and reproduction, especially in the 
female, and that it may even contain substances inhibitory to growth in 


^ Accepted for publication Aug. ax, xgaa. Published by courtesy of the Americasi Chemical Society; 
paper read at New York meeting, September, xoai. 
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the third or mature growth cycle. In following up this work, Mattill (i) 
has recently reported that dilution of whole milk powder with lard, 
starch, and salts in varying proportions did not prevent failure of adol- 
escent growth and reproductive ability in female rats. If, however, a 
small amount of yeast was added to the milk rations the females cast 
litters regularly and repeatedly, but the young soon died. 

Since the completion of our experiments, a paper by Sherman, Rouse, 
Allen, and Woods (4) has appeared. Using the rat as the experimental 
animal, they secured practically the normal rate of growth for both sexes 
on a mixture of equal weights of bread and milk in which white bread 
furnished four-fifths and milk only one-fifth of the total calories (or a 
corresponding mixture of dry bread or flour and whole milk powder), 
but reproduction failed on this simple diet. If ground whole wheat 
instead of white bread or patent flour furnished four-fifths of the calories 
in the above ration, young were successfully suckled, though at a consider- 
able loss of weight on the part of the mother, grew to maturity at some- 
what less than the average rate, and in sevei^ cases have produced and 
successfully suckled young of the third generation. When the proportion 
of milk in the diet constituted about two-fifths of the total calories of 
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Fio. 1. — Velvet bean. 6o per cent; dextrin, 40 per cent. At point a a liberal supply of whole milk was 
added to the ration. Dotted lines represent normal curves of growth. Y— young. 

the food mixture, the rest of which was ground whole wheat, the young 
were suckled without undue loss of the mother's weight, and these young 
have grown normally, as have also the young of the third generation. 
The inference to be drawn from their experiments is that wheat contains 
some substance or substances deficient in milk which are necessary for 
reproduction. 

In the authors' experiments to determine the supplementary value 
of hulls (by which is meant the tough outer seed coat) to the seed, these 
hulls were dried and incorporated into the seed portion of the rations 
in the same amount as they form a natural part of the seed. The ground 
aeed (hulls excluded) was autoclaved before feeding, but the leaf and 
hulls were added to the diets in their natural state. 

Experiment I, Eot L. — (Charted in fig. i.) This ration was started 
with 60 per cent cooked velvet bean seed (hulled) and 40 per cent dextrin. 
During the first six weeks of experimentation, the animals were all in a 
perfect maintenance condition, after which period they began to show 
characteristic signs of malnutrition, as evidenced by the roughness of 
their coat, lack of energy, loss of hair, etc. At point a a liberal supply 
of whole milk was added to the ration. From that period a little better 
than normal growth was obtained. Rat 200 gave birth to eight young 
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but was allowed only four to rear, in order not to overtax her mammary 
capacity. These four young were successfully reared to weaning age. 

Experiment II, Lot L. — (Charted in fig. 2.) This experiment shows 
the successful normal growth of the young of rat 200 to maturity. These 
animals were permitted to interbreed, and it will be noted that rat 471 
reared the third generation successfully. Rat 200 was then bred to one 
of her sons and successfully reared all the eight young which she brought 
forth at birth. (Not shown on fig. 2.) Our efforts to substitute the 
uncooked seed for the cooked met with failure, due evidently to the toxic 
principle in the raw seed. 


Fig. 3 —Second generation Velvet bean, 6o per cent, dextrin, 40 per cent, plus a liberal supply of whole 
milk. Dotted lines represent normal curves of growth. Y— young. 


Experiment III, Lot CXIII. — (Charted in fig. 3.) On a ration com- 
posed of 40 per cent velvet bean hay (finely ground whole plant), 60 per 
cent starch, and a liberal supply of skimmed milk, rat 454 successfully 
reared the four young to which she gave birth. 




Fig. 3.— Velvet bean (whole plant) , 40 per cent, starch, 60 per cent; and a liberal supply ol skimmed milk 
Dotted lines represent normal curves of growth. Y- young. 


Experiments IV, V, Ix)T CXIII.— (Charted in fig, 4 and 5 ) This 
experiment showed that quite satisfactory growth was secured through 
the second and third generations on this simple and monotonous ration 
of whole plant 40, starch 60, and a liberal supply of skimmed milk. We 
attribute the poorer showing of the animals on Figure 4 to hot weather and 
less consumption of milk due to rapid souring. The whole plant and 
starch mixture was readily eaten by ^1 of our animals on this ration. 
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Fig. 5.— Third generatioxi. Velvet bean (whole plant), 40 per cent; starch, 60 per cent, and a liberal 
supply of skimmed milk. Dotted fines r«^reoeat normal curves of growth. 
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Experiment VI, hor LXXVIII.— (Charted in fig. 6.) This experi- 
ment showed that the velvet-bean hulls offer no supplementing value 
to the deficient proteins in the seed, neither was there any appreciable 
change in the character of growth when, atpointa, 2iper cent of dextrin 
was replaced by 2 1 per cent velvet-bean leaves. 

Experiment VII, Lot LXXVI. — (Charted in fig. 7.) It is apparent 
from this experiment that the hulls in the velvet bean, unlike those in 



FiO. 6. — Velvet bean. 53 per cent, hulls. 7 per cent, salts (No 39) , 4 per cent, butter fat, s per cent, dextnn, at 
per cent. Dextnn carried alcoholic extract of 10 grams ether-cxtracted wheat embryo. At point a the 
ax per cent dextnn was replaced by as per cent velvet bean leaves to furnish protein. Dotted Imes 
represent normal curves of growth. 



Eio. 8.— Velvet bean, 53 per cent, hulls, 7 per cent, butter fat, 5 percent, casein, 5 per cent; dextrin, 30 
per cent. At point a so per cent dextrin was replaced by id per cent velvet bean leaves to furnish salts* 
filDextrin carri^ alcoholic extract of 10 grams ether-extracted wheat embryo. 


the rice kernel, are not carriers of the B vitamine. When, however, at 
point a 26 per cent dextrin was replaced by an equivalent amount of 
velvet-bean leaf a striking change in the character of growth was obtained 
in all cases. 

Experiment VIII, Lot LXXIX.— -(Charted in fig. 8.) The hulls offer 
very little supplementing value to the seed in so far as salts are con- 
cerned, but as low as a lo per cent concentration of velvet-bean leaves 
furnishes a very satisfactory source of salts when added to 53 per cent 
of the seed. 
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Experiment IX, Lot LXVII. — (Charted in fig. 9.) This experiment 
showed that when the velvet-bean seed serves as the only source of the 
A vitamine fed at a 60 per cent level very good growth is secured. 



tvs£frs ivesfts ivc£f<s tveeffs 

Fio. 9.— Velvet bean, 6o per cent, casein. 5 per cent, salts (No. 3 a). 4 pcr cent; dextrin, ji per cent Dextrin 
earned alcoholic extract of 10 grams ether-extracted embryo. At point a 4 per cent dextrin was replaced 
by 4 per cent additional casein. 

Experiment X, Lot LXXX. — (Charted in fig. lo.) It is quite apparent 
from this experiment that considerable inferior growth is obtained when 
7 per cent of hulls is added to a ration containing 6o per cent of the 
hulled seed, 7 per cent being the concentration of hulls in the whole seed. 



lYeafS »V££KS H'££jW fv£ms 

Pig. io. — V elvet bean, 53 per cent, hulls, 7 per cent; casein, <? per cent, salts (No. 3a), 4 per cent, dextrin. 
3a per cent Dextrin earned alcoholic extract of 10 grams ether-extracted wheat embryo. At point 
a 4 per cent dextrin was replaced by 4 per cent additional casein. 

Experiment XI, Lot CXXIX, — (Charted in fig. 1 1.) This experiment 
shows that autoclaving the hulls at 15 pounds pressure for two hours 
does not remove any apparent toxic substance, and gives additional 
evidence that the hulls interfere with the utilization of vitamine A. 



Pig. II — Vel vet bean, 53 per cent, hulls. 7 per cent, casein, 9 per cent, ssJts (No. 3a), 4 per cent; dextrin, 27 
per cent. The hulls m this ration were autoclaved for two hours at 1 5 pounds pressure. Dextrm airried 
alcoholic extract of 10 grams ether-extracted wheat embryo. 

DISCUSSION 

The data for milk presented in this paper are in harmony with the 
resets obtained by Mattill and Conklin (^), which show that milk alone, 
while it allows a certain amount of growth to take place, is inadequate 
for reproduction in the albino rat. The attempts made by the authors to 
furnish liquid milk and dextrin with a liberal supply of distilled water 
resulted in complete failure in most cases, and in only a few cases was some 
growth obtained. It is quite evident then that milk is lacking in one or 
more dietary essentials indispensable for satisfactory growth and for 
reproduction. 

From a consideration of the various experiments on nutritive valu of 
milk (reported in the literature) and in so far as Osborne and Mendel (3) 
have shown that the aminoacid requirements for growth and for main- 
tenance are different, it seems to the authors that the difficulty may 
possibly be found with the milk proteins. 
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It has already been stated that Sherman, Rouse, Allen, and Woods (4) 
found that wheat in certain proportions supplemented milk to the extent 
of enabling mother rats to rear their young successfully, and on these 
diets they secured normal nutrition through three generations. The 
authors found in an extensive study of the nutritive value of the Georgia 
velvet bean that the velvet bean seed, a legume, supplements whole milk 
to the extent that three generations have been secured, all of the animals 
having performed even a little better than normal in their rate of growth. 
Even on such a simple and poorly constituted physical diet as that com- 
posed of 40 per cent velvet bean hay, 60 per cent starch, and a liberal 
supply of skimmed milk, three generations have been successfully pro- 
duced by the authors. 

The leaf of the Georgia velvet bean is an efficient carrier of salts and 
vitamineB. Portions of the leaf (10 and 26 per cent) added to 53 per cent 
of the seed improved the nature of growth considerably from the stand- 
point of both salts and the B vitamine, respectively. The hulls, however, 
seem to have no biological value. The authors’ results show, however, 
that they interfere with the utilization of the A vitamine when added to a 
60 per cent intake of the seed in the same proportion in which they occur 
in the seed. It might be argued that the inferior growth obtained by the 
addition of 7 per cent hulls could be due to a reduction of the total plane 
of intake from 60 to 53 per cent. However, such is not the case, because 
comparable growth was obtained when only 20 per cent of the seed, with- 
out the hulls, served as the only source of vitamine A. 

The composition of velvet bean hulls, as reported by Tracy and Coe 
(7, p. 31), is as follows: 

Per cent 


Ash 6, o 

Crude protein 5, 7 

Fiber 30.0 

Nitrogen-free extract 57.0 

Fat 1. 1 


It will be noted from the above table that the hulls are very abundant 
in fiber, or indigestible celluloses. It seems reasonable, therefore, to sug- 
gest that the interference of the hulls with the utilization of vitamine A 
may be attributed to their indigestible celluloses. Autoclaving the hulls 
for two hours at 15 pounds pressure did not change the nature of their 
disturbing effect. 

SUMMARY 

(1) The velvet-bean seed (cooked) when fed at a level of 60 per cent 
together with 40 per cent dextrin, and velvet-bean hay (whole plant) 
when fed at a 40 per cent plane of intake together with 60 per cent starch, 
supplement milk in a manner satisfactory for growth and reproduction. 

(2) The Georgia velvet-bean leaf is quite abundant in the B vitamine 
and contains salts of excellent biological value. 

(3) The hulls have no supplementary value, and interfere with the utili- 
zation of the A vitamine in the seed. Autoclaving for two hours at 15 
pounds pressure did not change their disturbing effect. 
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SPECIES OF RHI20PUS RESPONSIBLE FOR THE DECAY 
OF SWEET POTATOES IN THE STORAGE HOUSE AND 
AT DIFFERENT TEMPERATURES IN INFECTION 
CHAMBERS * 

By J. I. Lauritzbn and L. L. Harter 

Pathologists, Cotton, Truck, and Forage Crop Disease Investigations, Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 


It has been shown ( 6 y that the following species of Rhizopus may 
decay sweet potatoes: Rhizopus mgricans, Ehrenb., R. reflexus Bainier, 
R. artocarpi Racib., R, delemar (Boid) Warner and Hanzawa, R. oryzae 
Went, and Pr. Geerligs., R. iriiici Saito, R. nodosus Namysl., R, arrhizus 
Fischer, and R, maydis Bruderl. Infection was accomplished by intro- 
ducing 24- to 48-hour-old cultures grown on sweet potato decoction into 
“wells” (5) made in the sweet potatoes, the “wells” being sealed over 
with a cover slip set in vaseline. The potatoes were then placed in 
moist chambers and incubated at temperatures suitable for infection 
by the species under investigation. Whether or not the capacity on 
the part of these species to decay sweet potatoes by the above-mentioned 
method is an indication of the species involved in the decay of sweet 
potatoes in the storage house at the Government experimental farm at 
Arlington, Va., and at different temperatures in infection chambers, will be 
answered, in part at least, in this paper. 

The writers* have found, by employing the “well” method of inocu- 
lation, that the temperature range at which the parasitic species will 
infect and decay sweet potatoes is nearly as wide as their temperature 
growth range in artificial cultures. By this method the species employed 
have an unusual opportunity to cause infection, even to the exclusion 
of any other species ^ that might be present in the “ wells’ ’ or on the 
surface of the potatoes. It would be difficult for any other species 
present in the “ well ” to make any headway against the mass of mycelium 
of a 48-hour-old culture. What might take place under storage condi- 
tions may be a different question. Here the inoculum is limited, the 
species present are in competition with each other, and all the species 
may not be present. An effort was made, therefore, to determine 
whether or not the parasitic species infect sweet potatoes over their entire 
temperature growth ranges, where infection depends upon wounding and 
the species present on the potatoes. 

Hanzawa (a) arranged the species studied by him into three groups 
according to their temperature relations. There was, as is shown by his 

^ Accepted for publication Aug. as, soaa. .... 

* Reference is made by number (itahc) to ' literature cited, p. 456. 

» This statement is based on umiubUshed data, 

^ There are neatly always smne Rhizopus spores on the surface of sweet potatoes and. since the only 
precaution observi^ to eli:mnate them in these experiments was by washing the potatoes, there probably 
were occasional spores present. 
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data, considerable overlapping of the temperature range of one group 
onto that of another. If spores of all the species were present on the 
sweet potatoes, one might expect the species found within one of these 
groups to predominate to a greater or less degree in the amount of infec- 
tion they provided, within the temperature ranges of the particular 
group, unless the number of spores of some of the species present that 
belonged to the other groups greatly exceeded that of the particular 
group under consideration. Within the limits of their temperature 
ranges one would expect to find some infection by all the species present. 
The results of the investigation in this field will be discussed later in detail. 

APPARATUS 

Much of the investigational work was carried out in a series of insulated 
infection chambers, the construction and dimensions of which are given 
in figure i. Heat is supplied by means of a heating coil composed of 




Fic. 1.— -Infection chamber. A, front view; B, horizontal cross section. 


No. 27 nichrome wire wound around ^-inch transite board 2 inches wide 
and 14 inches long. The floor and end wall immediately adjacent to the 
heating coils are insulated with transite board. Evaporating pans for 
the control of the humidity arc located one-half inch above the heating 
coils. Each chamber is provided with standardized dry and wet bulb 
thermometers, the latter being covered with thin muslin kept wet by a 
capillary stream of distilled water, the excess of which is drained off by 
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means of a funnel into a pan located in the door of the chamber. A 
mercury thermoregulator, which is connected to the heating coils and a 
250-ohm relay on a nearby switchboard, is suspended by a rubber band 
on the back wall. The air within the chamber is kept in motion by means 
of an 8-inch fan run by a motor located just outside the chamber. The 
.thermoregulator is similar to that designed by Clark (r), but differs 
from it in that there are three arms of mercury instead of one and that 
one of the electric connections is made directly to one of these arms instead 
of through a special tube. 

The storage house was constructed according to Government plans 
(7). It is provided with two stoves, one at each end, to furnish heat 
during tlie curing period, and with steam radiators, one flanking each 
corner, for the control of the temperature during the winter. 

CONTROL OF ATMOSPHERIC ENVIRONMENT IN THE INFECTION 

CHAMBERS 

TEMPERATURE 

The thermoregulator used in the chambers controls the temperature 
within one-half of one degree. The fineness of the control will depend 
upon the size of the mercury column in the capillary tubing, th^ amount 
of mercury used, and its surface area. 

The amount of current that passes through the heaters materially 
affects the control of temperature. Two amperes with a voltage of no 
is all that a 250-ohra relay will handle; in fact, sticking of the relay may 
be expected at times with this amount. If more current is desired a 
larger relay should be employed. An ampere and a half is the most that 
is used in any of the chambers. 

To furtlicr reduce the danger of sticking, a condenser of i>2 micro- 
farad capacity is employed in connection with each relay. With 
this type of equipment 20 chambers have been run for 9 months 
without a single case of sticking. 

The capacity of the heaters should be limited to the amount of heat 
required to heat the chamber to within a few degrees above the desired 
temperature, otherwise there is a tendency for the temperature to 
fluctuate or lag. 

The amount of current that flows through the thermoregulator should 
be reduced to a minimum consistent witli efficient operation, otherwise 
the mercury and contact points become insulated and prevent efficient 
operation. 

Direct current is preferable, particularly where mercury thermoregu- 
lators are employed. Current with a low number of cycles should not 
be used when avoidable, since the vibration set up by such a current 
does not contribute to effective control. 

The contact points on the relays should be kept tight, in position, and 
clean; otherwise they become insulated by the finely divided metal 
thrown off, especially where a considerable amount of ciurent is used, 
and thereby reduce the current below that actually required to main- 
tain the desired temperature. 

A uniform temperature throughout each chamber was obtained by 
the use of an 8-inch fan ruiming at about 700 revolutions per minute. 

The temperature of the air surrounding a chamber was below that of 
the chamber, and the desired temperature obtained by heating. The 
lower temperatures were obtained by placing the chambers in cold stor- 
age rooms where the temperature had been reduced by refrigeration. 
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HUMIDITY 

A high relative humidity (about 95 per cent), maintained by means 
of distilled water in evaporation pans, was used throughout these experi- 
ments. The uniformity of the humidity throughout the chambers was 
maintained by the circulation of the air by means of a fan. In the 
absence of air circulation there would be, undoubtedly, a higher relative 
humidity in some parts of the chambers than in others, depending on 
the vapor pressure in the particular area. 

GASES 

In order to eliminate any possible effects of gases given off by the 
sweet potato or other vegetables, provision was made for a constant 
exchange of air, to be drawn through the chambers slowly by means of 
a vacuum pump. The amount of air drawn out was roughly deter- 
mined by drawing it through wash bottles and regulated by stop-cocks. 

MATERIALS 

The Little Stem Jersey variety of sweet potatoes grown and stored 
at the Government experimental farm at Arlington, Va., was toployed 
in these experiments. The potatoes were cured for a period of 10 days 
at temperatures from 25® to 30® C., and held as nearly as possible 
throughout the season at temperatures between 10® and 14®. 

The following species of Rhizopus were employed: R. nigricans, R. 
tritici, R. oryzce, R. reflexus, and R, artocarpi. They were grown on 
sweet potato agar at a temperature of 20® C. 

EXPERIMENTAL DATA 

Four types of experiments were used. The methods employed, the 
purpose of the experiments, and the data obtained will be discussed in 
connection with each type of experiment. 

Type one 

In the first type of experiments the potatoes were merely wounded 
and placed in the storage house at the Government experimental farm 
at Arlington, Va., and at different temperatures in the infection cham- 
bers. The potatoes were wounded by striking them three or four times 
on the blunt rim of a wire basket, after which they were placed in wire 
baskets 12 inches deep and 12 inches in diameter, which were in turn 
placed in the sweet potato storage house or in the infection chambers. 

The purpose of these experiments was to determine what organisms 
cause decay where infection depends upon the organisms present on the 
potatoes. The scope of the experiments in this connection was limited 
to potatoes grown and stored at Washington, D. C. The number of 
species and the number of spores of each species present on the potatoes 
might be expected to vary with the locality in which the potatoes \^e 
grown, the conditions under which they were stored, and &e conditions 
prevailing in the railway car during transit to the markets and in the 
markets themselves. The number of spores of a given species also might 
be expected to vary with the season of the year; in fact, it has been 
shown that there are fewer spores on the potatoes at digging time and 
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during the early part of the season than later in the year. There are, 
however, a sufficient number of Rhizopus spores present during the early 
part of the season to cause a large percentage of infection when the 
potatoes are wounded by the method mentioned above. 

Fresh wounding contributes materially to infection by Rhizopus. ** 

It has been found, as will be shown later in this paper, that fresh wound- 
ing is all that is required to permit of infection under the conditions of 
these experiments. 

Table I contains the results of isolations from potatoes that were 
wounded as mentioned above, but not inoculated. Inspection of the 
table reveals that two species, R. nigricans and R. tritici,^ are probably 
the species chiefly responsible for the decay of sweet potatoes. The 
absence of the other species would explain why there was no infection 
by them, but it is not known whether or not they were present. The 
presence of R. iritici and R. nigricans in greater quantity (either as to 
spores or mycelium) than the oSier species might explain these results. 
Tater data will indicate to some degree how far this is the case with 
R, nigricans. 

Table I. — Isolations'^ from untnoculaied wounded sweet potatoes held at different 

temperatures 





Organisms isolated. 



Temperatures. 

Rhizopus. 

triticl. 

Rhizopus nigricans. 








37 - • 



60 



32. 



62 


3 

28.5 



8 


3 

27. .*5 • 



30 


5 

26.5 



21 


T 9 

25 





14 

23 • • 



4 


47 

20 . . 





17 

19 . 





6 

18 . .. 





T 9 

15 • 





T 9 

14 . . 





78 

12. . 





74 

II . 





4 

10 . . 





20 

3 - 3 - •• 




4M ,*2 M. and R. 

n. 


^ The figtires in the columns under the heading “Organisms isolated ” represent the number of isolations 
of the particular organism at the various temperatures. They have no relation to the number of infections, 
which was always nearly too per cent, except between 30" and 30 " C., where it was somewhat less. The 
figures in the succeeding tables under the above heading likewise refer only to the number of isolations. 

* M.--Mucor. R n.^^Rhizopus mgricans. 

Only R. nigricans was isolated at temperatures below 20° C. It will 
be seen, therefore, that R. nigricans is the species involved in the decay 
of sweet potatoes at the usual storage temperatures. The importance 
of i^. nigricans on storage will be taken up more fully later. 


* A paper on wounding as a factor in storage of sweet potatoes is in course of preparation. 

* Although it is thought by the authors that R. tritict is the predominating species at the higher temper- 
atures. it is impossible at present to be certain that R. nodosus, R, oryzat, and R. deUinar arc not responsible 
for decay in some instances, and even to the same degree as R. trittci. As far as the authors are concerned, 
there are no characters by which these four species can be definitely separated. R, irtitci, therefore, will 
be employed as the name to designate this group of species. 
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It is interesting to note that R. tritici in these experiments did not 
cause decay of sweet potatoes over its entire temperature range of growth. 
(Range of growth and infection for R. tritici is about 5® to 44-45® C.) 
Infection by R, trihci did not take place by the method employed here, 
at temperatures at 20® C. and below notwithstanding the fact that it 
takes place readily where the “weir* method of inoculation is used. 

The temperature ranges of infection by R. tritici and R, ntg^icans 
overlap between 20® and 30® C. Infection by R. nigricans becomes 
progressively less with the increase in temperature above 20®. R, tritici 
shows a similar decrease in the amount of infection as the temperature 
passes from 30® to 20®. Infection by the two species becomes nearly 
equal at 26.5® (Table III). 

Results in connection with these and other experiments show that 
a smaller percentage of the potatoes decay at temperatures between 
20® and 30° C. than at higher or lower temperatures. Decay also will 
start in a large number of cases, then stop. Whether or not these 
temperatures are more favorable for the potatoes and less favorable 
for the pathogens, or both, is not clear, except that temperatures near 
30® are less favorable for R. nigricans. 

Table II shows the results of isolations made from wounded but 
uninoculated potatoes used in experiments in the storage house and 
in the infection chambers at temperatures at which sweet potatoes are 
usually stored. The top row of figures represents the average of three 
experiments, run at different times of the year in the storage house. 
Most of the isolations proved to be R, nigricans. However, in two out 
of the three experiments, R. tritici was isolated in nine instances. Re- 
cords show that the temperatures were above 20® C. for a few hours 
during the early part of tliese experiments. These results indicate tliat 
R. tritici may be a factor in sweet-potato storage if the temperatures 
are high enough. R. nigricans is, however, the principal cause of decay 
in the storage house. The four lower rows of figures in Table II rep- 
resent the result? obtained from four experiments run in the infection 
chambers at temperatures (10® and 14®) corresponding closely to those 
used in storage. R. nigricans was invariably isolated. 


Table II . — Isolations from wounded untnoculated sweet potatoes held in the storage 
house and in the infection thambers at storage temperatures 


Organisms isolated — Number of cultures 
isolated 


Temperatures 

R hi/opus 
u Igneous 

i 

Kliizopus j 
tntu 1 

Mixed wlturcs 
of Rhizopus 
tritici and 
Rhizopus 
nigricans. 

V ! 

10-25* i 

140 

9 

3 

14 - - 

78 

0 

0 


74 

0 

0 


4 

0 

0 


3 

0 

0 


’ The figures 10-35 indicate that the temperature varied between xo and 35* 
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TYPE TWO 

In the second type of experiments the sweet potatoes were wounded 
as above and dipped in a spore suspension made by introducing the spores 
of an equal number of cultures of R. triiici and R. nigricans ^ grown under 
identical conditions, into 10 gallons of water. From 8 to 10 cultures of 
each organism were usually employed. 

It was discovered in the first type of experiments that R. tritici and 
R. nigricans were the species chiefly responsible for the softrot of sweet 
potatoes at Washington, D. C. R. nigricans was responsible for all the 
decay at temperatures below 20® C., quite to the exclusion of R, tritici, 
notwithstanding the fact that R. tritici, as shown by unpublished data, 
has the capacity of causing decay between 6° and 44°, where the “well” 
method of inoculation is used. Both R> tritici and R. nigricans decayed 
sweet potatoes between the temperatures of 20® and 30® and R. tritici 
above 30°. It is possible that the amount of infection by these species, 
as well as their temperature ranges, may have been influenced by the 
number of spores present on the potatoes. The number of spores present 
of both species, in turn, may have been influenced by local conditions 
and the conditions under which the potatoes were stored. The storage 
temperatures were nearly always below 20®, except during the curing 
period of from 10 days to 2 weeks. Since R. nigricans is essentially a 
low- temperature form, these temperatures are more favorable for its 
development than for R. tritici, which grows better at high temperature. 
The second series of experiments, therefore, were designed to determine 
whether or not the range of infection discovered in the first series would 
be altered in any way, especially the lower limit at which R. tritici 
caused infection, when the sweet potatoes were inoculated with approxi- 
mately the same number of spores of each species. 

Table III shows the results of 920 isolations made during two years 
in connection with 15 different experiments, most of which were designed 
to determine the distribution of decay by R. tritici and R. nigricans 
at different temperatures. In 12 of these experiments, wounded pota- 
toes were inoculated with a spore suspension of R. triiici and R. nigricans. 
In tlie other 3 experiments the potatoes were wounded but not inocu- 
lated, and the data include all the isolations made from potatoes held 
at 14® C. and 74 out of the 81 isolated from potatoes held at 12®. Some 
of the experiments in which the isolations were made from potatoes 
held at low temperatures (7® and below), were designed to determine 
the lower limit at which these organisms would decay sweet potatoes. 
In the latter experiments the potatoes were w^ounded and inoculated as 
described in the first part of this paragraph. In these experiments the 
two species are distributed according to temperature, in much the same 
manner as shown in Table I. The upper and lower limits for infection 
by R. tritici are approximately 44® and 20®, respectively. The highest 
and lowest temperatures at which R, nigricans caused infection were 
27® and 3.5®, respectively. 

These results tend to indicate that the range of temperatures at which 
these species will infect sweet potatoes is so wide as to leave little possi- 
bility of adjusting temperatures in which to store the potatoes which 
will be outside the range of infection by these organisms. Although it 
has been found that these organisms do not cause any appreciable arnount 
of decay at temperatures bdow 6® C. it was shown by Harter, Weimer, 
and Adams (5), and later verified by the authors, that if potatoes were 
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held for a few weeks bel6w this temperature they almost invariably 
decayed with Mucor racemosus Fres. There is nearly always loo per 
cent infection by M, racemostis under cold storage conditions and also in 
the infection chambers below 6®. 

Tablk III . — Isolations from wounded sweet potatoes inoculated with R, tritici and R, 
nigricans and held at different temperatures 



Organisms isolated 

Temperattucs. 








Rhizopus 

tritici. 

Rhizopus 

nigricans. 

Mucor. 

Botrytis. 

Bacteria. 

Mixture of organisms. 

•c. 







44 

3 




12 

19 P. and* bact. 

40 

10 






39 

IS 






38 

15 






35*4 

10 






33*5 

39 





32-7 . • 

10 





3^-4 

10 






308 

33 






30 

48 






29*5 

25 






28.9 

5 






27 

3S 

4 





26 

16 

14 





23 

34 

23 




2 R. n. and R. t. 

20 

2 

48 




I R. n. and R. t. 

19. . . . 


27 




1 R. n. and R. t. 

IS 


21 





14 


78 




[ 

12 


81 





II 

. . . . j 

46 





10 


14 





9 

. . . 1 

19 





7 


10 



1 

20 M. and R. n. 

6 

1 

. j 

29 

24 



31 M. and R. n. 

5 5 

1 


5 

22 



3*5 • • • * 

] 




3 M. and R. n. 

2.7 

1 

27 



2 . , ... 

j 

j 

1 





1 

1 1 





» P “» Penicillium; bact."* bacteria; R. n.<-Rhizopus nigricans; R. t.>»Rhizopus tritici; and M«Mucor. 


If this method of wounding is employed, whether the potatoes are 
inoculated or not, the percentage of infection by R. tritici and R. nigricans 
is nearly always loo at temperatures above 30° and below 20® C., respect- 
ively, the percentage being lower between these temperatures. 

Sweet potatoes are sometimes injured by heat at 40® C. if the humidity 
is high, and badly injured at 44®, the highest temperature at which 
R. tritici caused infection, 

TYPE THRES 

The third type of experiments was designed to determine how 
effectively other species compete with R, nigricans in producing infection 
at the usual storage temperatures. The potatoes were wounded as in pre- 
vious experiments, some having been previously washed in tap water to 
reduce if possible the number of spores present on their surfaces and 
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others were inoculated while in the condition in which they came from the 
storage house. Washed and unwashed potatoes, wounded in the same 
manner as those inoculated, were used as controls in all the experiments. 

The following species were employed in these experiments : R. nigricans ^ 
R, refkxus, R, artocarpi, R. triiici, and R. oryzae. Washed and unwashed 
potatoes were inoculated with each of the species alone, except R, nigri- 
cans, Inoculation in each case was by dipping them into a spore suspen- 
sion. Washed and unwashed potatoes were inoculated with a mixed 
spore suspension of R, reflexus and R, nigricans. Washed potatoes were 
inoculated with a mixed spore suspension of R. artocarpi and R. nigricans, 
and unwashed potatoes with R. tritici and R, nigricans. 

In the preceding experiments R. nigricans was shown to be the principal 
organism causing decay at the usual storage temperatures. This species 
has also been shown to cause decay of many fruits and vegetables. {4) 
It was found in the second type of experiments that when the sweet 
potatoes were inoculated with R. tritici and R. nigricans, nigricans caused 
all the decay below 20° C., notwithstanding the fact that R. tritici is not 
only capable of infecting potatoes at these temperatures, but apparently ^ 
to the same degree where the “well’* method of inoculation is employed. 

In view of these facts it was thought desirable to make competitive 
tests between R. nigricans and some of the other species as tb their 
capacity to infect sweet potatoes. 

R. tritici was selected, first, because it is the species most commonly 
isolated from sweet potatoes next to R. nigricans, and, second, because 
with the exception of R, nigricans it is the species most commonly 
received in response to requests to other investigators for cultures of 
Rhizopus. It has been sent in, on a number of occasions, as R, nigricans. 

R. oryzae was selected because Hanzawa {2) placed it in the high- 
temperature group {R. tritici falling into the intermediate and R. nigri- 
cans into the low-temperature group) with the idea of studying one 
organism of each thermal group. 

R. reflexus was chosen because it belongs to the same tliermal group 
as R. nigricans, its upper temperature limit being slightly higher than 
that of R, nigricans and its lower temperature limit slightly lower. 
Furthermore, it decays sweet potatoes (where the ‘ ‘ well ’’ method is used) 
fully as rapidly as R. nigricans. 

R. artocarpi was likewise chosen because it belongs to the same thennal 
group as R. nigricans and is able to decay sweet potatoes over much the 
same temperature range, where the “well” method of inoculation is used. 

The spore suspensions employed in these experiments were made by 
introducing spores from cultures of the respective species into battery 
jars containing water. In every case except that of R. nigricans the 
concentration was so great as to render the water almost black. 

The reason for using such highly concentrated spore suspensions was to 
insure ample competition for R, nigricans, which, in the first and second 
series of experiments, successfully excluded R. tritici from infecting 
potatoes at temperatures below 20® C. and which in the course of these 
experiments proved to be able to compete against odds with the other 
species. 

’ It is not practical to directly compare the amoimt of decay caused by one species with that of mother 
because of the ind^ennmabic factors involved, but the indications are that the rate of decoy by R. tritict 
is as rapid as that of R. nm/rtcans at moat temperatures below ao* C. 
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The spore suspensions of R. nigricans used in connection with some of 
the other species was not so highly concentrated, because it so haf^ened 
that there was not a sufficient number of cultures of R, nigricans available. 

Table IV shows the results of competitive tests of infection by R, 
tritici and R. nigricans, first when potatoes were washed and inoculated 
with R. tritici, second, when unwashed potatoes were inoculated with 
R. tritici, and third, when unwashed potatoes were inoculated with a 
spore suspension of R. tritici and R. nigricans. Controls of both washed 
and unwashed potatoes were also included. 

R. nigricans alone was isolated from the unwashed and control potatoes 
and greatly predominated when either the washed potatoes were inocu- 
lated with R. tritici or unwashed potatoes were inoculated with a mixed 
spore suspension of R. tritici and R. nigricans. These results indicate 
that R. trttici can not compete with R. nigricans and is not much of a 
factor in the decay of sweet potatoes at these temperatures. The number 
of spores of R. nigricans on the potatoes as they were obtained from the 
storage house or when the potatoes were washed, was suffioient to cause 
nearly all the infection, even when the potatoes were inoculated with a 
highly concentrated spore suspension of R. tritici. Washing reduces 
infection by R. nigricans but slightly. 

Table V shows that R. artocarpi can compete more successfully with 
R. nigricans than R. tritici. When R. artocarpi is used alone as tlie 
inoculum, the percentage of infection is fairly high, especially at 14® C. 
The washing of the potatoes seems to have no effect. When the inocula- 
tions were made wiffi R. nigricans and R. artocarpi together, no infection 
by the latter organism took place. R. nigricans alone was isolated from 
the controls. 

Although these results show that R. artocarpi may cause considerable 
decay if spore suspensions of high concentration are used, it seems 
probable that under storage and transit conditions the number of spores 
of R. artocarpi would rarely if ever be sufficient to be a factor in the decay 
of sweet potatoes, because R. nigricans seems to be universally present 
and would likely grow and produce spores as readily as R. artocarpi under 
most, if not all, conditions. 

R. reflexus, as is shown in Table VI, was capable of causing considerable 
decay when it was used alone as the inoculum. 

Tablb IV . — Organisms isolated from sweet potatoes inoculated with Rhizopus tritici or 
with a mixed spore suspension of Rhizopus tritici and Rhizopus nigricans, or not inocu- 
lated and held as controls 



Inoculated with Rhizopus tntici. 

Inoculated with 
Rhizopus tritici 

1 Control. 

rempera- 

ture. 


Washed. 


Unwaihied. | 

and Rhizopus ni- 
gricans (un- 
washed). 

Washed. 

Un- 

washed. 

Rhizopus 

tritici. 

Rhizopus 
niencans. i 

Rhizopus 

tntici 

and 

Rhizopus 
nigricans I 
mixed. 1 

1 

! Rhizopus 
! tntici. 

1 

Rhizopus 

nigricans. 

; 

Rhizopus 

tntici. 

1 

Rhizopus 
nigt icons. 

Rhizopus 

nigricans. 

Rhizopus 
nigi icons. 

•c. 

a 

13 

! 

a 1 

1 

0 

n 

a 

6 

*4 

t 7 


I 

as 

0 1 

0 

13 

0 1 

3 

la 

16 
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Table V,— Organisms isolated from sweet potatoes inoculated with Rhizopus artocarpi or 
with a mixed spore suspension of Rhizopus artocarpi and Rhizopus nigricans, or not 
inoculated and held as controls 




Inoculated with Rhizopus artocarpi. 


Inoculated with 
Rhizopus arto- 
carpi and Rhizo- 
pus nigricans 
(potatoes 
washed). 

Control. 


Washed before inoculation. 

Unwashed. 

Washed. 

Un- 

washed. 

Tempera- 

ture. 

Rhizo- 

pus 

arto- 

carpi. 

Rhizo- 

pus 

nigri- 

cans. 

Rhizo- 

pus 

artocarpi 

and 

Rhizo- 

pus 

nigri- 

cans. 

(mixed) 

Rhizo- 
pus 
arto- 
carpi. j 

Rhizo- 

pus 

nigri- 

cans. 

Rhizo- 

pus 

artocarpi 
and 
Rhizo- 
pus { 
nigri- 
cans, 
mixed. 1 

Rhizo- 

pus 

nigri- 

cans 

Rhizo- 
pus ’ 
tntid 
and 
Rhizo' 
pus 
nigri- 
cans. 

Rhizo- 

pus 

nigri- 

cans. 

Rhizo- 

pus 

nigri- 

cans. 

*c. ! 

>4 1 

»i 

II 

3 

z6 

9 

a 

J 3 

2 R t 

x6 

z6 

1 

».. . .j 

9 

16 1 

1 

! 

X 

7 

a6 


1 

16 

and R n 
and 
2R,t. 

IS 

17 


Table VI. — Organisms isolated from sweet potatoes inoculated with Rhizopus reflexus or 
with a mixed spore suspension of Rhizopus reflexus and Rhizopus nigricans, or not 
inoculated and held a? controls. 


Tempera- 

ture. 


•c. 


J 4 

12 


Inoculated with Rhizopus refiexm. 

Inoculated with 
Rhizopus reflexus 
and Rhizopus 
nigricans 

Control. 

Washed before inoculation 

Unwashed 

1 

«a*ed. 

Washed. 

Un- 

washed, 

Rhizo- 

pus 

reflexus. 

Rhizo- 

pus 

nigri- 

cans. 

Rhizo- 

pus 

reflexus 

and 

Rhizo- 

pus 

nigri- 

cans 

(mixed). 

Rhizo- 

pus 

reflexus. 

Rhizo- 

pus 

mgri- 

cans. 

Khiso- 

pus 

reflexus 

and 

Rhizo- 

pus 

nigri- 

cans 

mixed. 

Rhizo- 

pus 

mgri- 

cans. 

Rhizo- 

pus 

nigri- 

cans. 

Rhizo- 

pus 

nigri- 

cans. 

Rhizo- 

pus 

nigri- 

cans. 

za 

17 

1 

17 

14 

0 

a 

lO 

16 

16 

i *5 

a 

I 

1 

aa 

8 

15 

IS 

14 

za 

17 

30 


This species caused no infection, however, when R. nigricans was 
included in the inoculum. Washing the potatoes did not influence the 
results. These results indicate that R. reflexus probably is not normally 
a factor in the decay of potatoes at storage temperatures. 

The results recorded in Table VII show tliat R. oryzae ® falls into the 
same group as R. iritici with regard to the amount of infection at these 
temperatures. The only infection that took place was when the potatoes 
were washed. This fact may have had no relation to washing and may 
have been accidental, for in the cases of R. artocarpi and R. reflexus^ 
washing had no effect upon the amount of infection. The effects of 


* It is assumed for two teasans that R. oryzae was the organism that caused the infection, first, because such 
a highly concentrated spore suspension was used in the inuculation of the potatoes, second, because R. 
trUki or the other species belongW to this group never have been known to cause infection when it was not 
used in the inoculum, except in the one instance ^wn in Table V in the case of R. iritici. 
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washing in connection with these experiments and those with R. iritici 
are so small as to fall ^thin the limits of experimental error. 

The results recorded in Tables IV, V, VI, and VII show : First, that R. 
tritici and R. oryzae can not compete with R. nigricans at temperatures of 
12 ° and 14® C. in the infection of sweet potatoes, even where high concentra- 
tions of spores of these organisms are used in the absence of R. nigricans 
from the inoculum; second, although R. artocapi and R, refiexus are more 
successful than R. tritici and R. oryzae in competition with R, nigricans, 
they can not compete when the latter is included in the inoculum ; third, 
R, tritici, R. oryzae, R. artocarpi, and R. refiexus do not infect sweet po- 
tatoes at these temperatures when infection depends upon the organisms 
present on the potatoes, while R. nigricans does. 

Table VII. — Organisms isolated from sweet potatoes inoculated with Rhizophus oryzae, 
or not inoculated and held as controls 


Temperature. 


14 

12 


Number of cultures isolated. 

Potatoes inoculated with Rhizopus 
oryzae. 

Washed before inocu- 
lation. 

Unwashed. 

Rhizopus 

nigricans. 

Rhizopus 
oryzae and 
Rhizopus 
nigricans 
mixed. 

Rhizopus 

xiigricans. 

14 

13 

2 

13 

14 


Same control as in Table V. 


When comparing the results from experiments with R, tritici and R. 
oryzae with those obtained with R. artocarpi and R. refiexus some reser- 
vations must be made because it is not known that the concentration 
of the spore susp^.nsions are equal or comparable The differences in the 
amount of infections are so great that they would seem to be due to 
differences in capacity to infect, rather than to differences in concentra- 
tion. The concentration was so great in every case that it would seem 
that a small variation in concentration would alter but little the amount 
of infection by the particular species used in the inoculum. In fact, 
very little infection occurred under any circumstances with R. tritici 
and R. oryzae. It is reasonable to expect that R. refiexus and R. artocarpi, 
especially the former, would cause more infection at these temperatures 
than R. trihei and R. oryzae, since the former are low, while the latter 
are high temperature forms. 

It will be seen from Tables V and VI that it may be important in studies 
of resistance and susceptibility to take into consideration the tempera- 
tures at which comparisons are made. For instance, R. artocarpi is 
more successful in competition with R. nigricans at 14° than at 12° C., 
while R. refiexus is more successful at 12® Qian at 14®. These results are 
consistent with other temperature relations of these organisms, which 
show that the lower temperature limit for infection with R. refiexus is 
lower than for R. artocarpi. 

In only one instance has R. tritici (Table V) been isolated from sweet 
potatoes at storage temperatures when the potatoes became infected^ 
in the absence of this organism in the inoculum. It is to be expected 
that /?• tritici would be responsible for a small percentage of infections, 
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since it can infect at these temperatures and probably is nearly always 
present on the potatoes. (Table I.) 

The fact that R, nigricans was always obtained from the controls as 
well as inoculated potatoes in previous experiments when the tempera- 
ture conditions were right indicates that this species is usually, if not 
alwa)rs, present on the potatoes. 

TYPE POUR 

In the fourth type of experiments the potatoes were wounded as in the 
preceding experiments, but inoculated differently. The first inoculation 
was made with a suspension of spores of R, tritici, R. oryzae^ R. reflexus, 
and R. artocarpi, taken from two cultures of each species of the same age 
and grown under identical conditions, suspended in 3 liters of water; 
the second inoculation was with a supension of spores of R. tritici, R. 
oryzaCf R. reflexus, R. artocarpi^ and R. nigricans, two cultures of each of 
the first four species and one of R. nigricans. The same amount of water 
as in the first case was used in making the inoculum. 

The object of these experiments was to determine which species would 
infect sweet potatoes when several species were in competition with each 
other at storage temperatures. The number of spores of each species 
present in the inoculum only approximated that of the other species, and 
in the case of R. nigricans was probably much less. Of course, as has 
been shown in previous experiments, R. nigricans is usually, if not always, 
present, but it is believed that, at least when the potatoes were not 
inoculated with R. nigricans, the number of spores of this species present 
per unit area was less than that of the other species, because the concen- 
tration of the spores in the inoculum of the other species was fairly high. 

It did not seem practical at the time to attempt to use exactly equiva- 
lent concentrations because of the difficulties involved. The most serious 
difficulties were, first, to obtain an equal number of spores of each species, 
second, the number of spores may not be a measure of the germinating 
and infecting capacity of the spores, which in turn may vary with the 
species, and, latterly, some variation in the germinating and infecting 
capacity of the spores of the different species may be expected under 
different conditions, as, for example, at different temperatures, and yet 
a comparison between species must be made under identical conditions 
to be valid. This is shown to be the case by the fact that, although the 
temperature ranges of R. reflexus and R. ariocarpi run almost parallel, 
R. reflexus is the more successful in competition with R. nigricans at 12° 
C., while at 14® R. artocarpi is the more successful (Tables V and VI). It 
is true that the temperature range of R. reflextis is wider than that of R. 
ariocarpi, but its maximum is about the same number of de^ees above 
that of R, artocarpi as its minimum is below. This difference in tempera- 
ture ranges is, perhaps, sufficient to account for their difference in infec- 
tive power. It probably would be difficult to find two fungi of identical 
temperature ranges. To make a quantitative comparison these factors 
must be taken into consideration. 

It is believed, however, that the results from the methods employed 
in these experiments will show which species of Rhizopus are important 
in the decay of sweet potatoes. 

Table VIII shows the number of isolations obtained from potatoes 
inoculated with R. triiizi, R. oryzae, R. reflexus, and R. ariocarpi, and from 
potatoes inoculated with the same organisms plus R. nigyicans, at the 
temperatures 14® and 18® C. It will be noted that at 18® R. ariocarpi 
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was isolated from 17 potatoes as compared with R. mgricans from 4» 
when R. nigricans was not included in the inoculum. On the other hand, 
R, artocarpi was obtained from only 6 potatoes as compared with R. 
nigricans from 1 1 (and in 3 of these cases the isolations were a mixture 
of R, artocarpi and R, nigricans) when R. nigricans formed a part of the 
inoculum. At 14® quite a different relationship was found. When R. 
nigricans was excluded from the inoculum, R. artocarpi was isolated from 
6 potatoes (4 of these isolations were a mixture of R. artocarpi and R, 
mgricans) y R. nigricans from 29 and R. refiexus from 3. When R. 
mgricans was included in the inoculum, jR. artocarpi was isolated once, 
a rnixtme of R, artocarpi and R. nigricans twice, and R. nigricans 33 
times. These results show, first, that the percentage of infection by R. 
artocarpi was higher when R, nigricans was excluded from the inoculum, 
although at 14° the difference was small; second, that 18° was more 
favorable for infection by R. artocarpi than 14®. This was especially 
evident when R. nigricans was excluded, in which case the infection by 
R. artocarpi greatly exceeded that of R, nigricans; third, that a tempera- 
ture of 14® was more favorable for R. refiexus than one of 18®; fourth, 
that R, artocarpi showed a slightly higher percentage of infection at 14® 
than R. refiexus (these results correspond to those recorded in Tables V 
and VI) ; fifth, that R, iritici and R. oryzae at these temperatures infect 
less readily than either R. artocarpi or R. refiexus; and sixth, that R. 
nigricans infects more readily tlian any of the other species. This is 
shown, even when infection by R. nigricans is compared with that of R. 
artocarpi at 18®, because although R, artocarpi caused the greater part of 
the decay when R, nigricans was excluded from the inoculum, the reverse 
was true when R. nigricans was included. This was true notwithstanding 
the fact that two cultures of R. artocarpi were used as compared with one 
of R. nigricans. Even assuming that spores of R. nigricans on tlie pota- 
toes were equal in number to the R. artocarpi spores in one culture and the 
number of spores in the cultures of the two were equal, the margin is much 
in favor of R. nigricans. It is believed that there is a greater number 
of spores in a culture of R. artocarpi than in a culture of R. nigricans. 

The percentage of infection by R. artocarpi and R. refiexus as compared 
with R, nigricans is not as high in these experiments as is shown in Tables 
V and VI at 14® C., but the concentration of the spores in the inoculum 
was not as high in the latter as in the former case. 

Table VIII. — Organisms isolated from wounded sweet potatoes inoculated with a mixed 
suspension of spores of a number of species of Rhizopus 


OrKauistns employed. 


Tempera> 

turc. 


Rhizopus tritici, 
oiyzae, 
refiexus and 
artocarpi,... 


®C. 

18 


14 


Rhizopus tritici, 
oryzae, 
refiexus, 
artocarpi and 
nigricans 


18 


14 


Number 

of 

isolations. 


21 

38 

17 

36 


Organisms isolated. 


fi7 R. artocarpi. 
t 4 R. nigricans. 

2 R. artocarpi. 

4 R. artocarpi and nigricans, mixed. 
29 R. nigricans. 

3 R. refiexus. 

3 R. artocarpi. 

3 R. artocarpi and nigricans, mixed. 
II R. nigricans. 

I R. artocarpi. 

a R. artocarpi and nigricans, mixed. 
33 R. nigricans. 
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DISCUSSION OF RESULTS 

R, iritici and /?. nigricans are the two species chiefly responsible for 
the decay of sweet potatoes, known as softrot. The former is responsible 
for decay at the higher and the latter at the lower temperature, while 
the two overlap between 20® and 30® C. Although other species are 
capable of causing softrot, they do not seem to do so under the storage 
conditions at Washington, D. C., and in the infection chambers at the 
different temperatures. R, tritici, R. oryzae, R. reflexus, and R. artocarpi 
cannot compete successfully with R. nigricans at temperatures of 12® 
and 14® when sweet potatoes are inoculated with any one of tliese 
organisms along with R. nigricans. Even though high concentrations of 
spores of R. triticiy R. oryzae^ R. reflexus, and R. artocarpi are used alone, 
R. nigricans nearly always causes more decay than any of them, and R. 
iritici and R. oryzae cause very little under such conditions. 

When a mixed spore suspension of R. iritici, R. oryzae, R. reflexus, and 
R, artocarpi is used in inoculating the potatoes held at temperatures of 
14® and 18® C., i?. artocarpi, R. reflexus, and R. nigricans, with R. nigricans 
greatly predominating, were isolated at 14®, and R. artocarpi and R. 
nigricans at 18®, R. artocarpi greatly predominating. Wlien R. nigricans 
was added to the inoculum just mentioned, R. nigricans and R. artocarpi 
were the only species isolated, with the former greatly predominating. 

These results show tliat R. nigricans, except in the case of R. artocarpi 
at 18® C. (when R. nigricans was not included in the inoculum), was the 
chief agent of decay, even in the presence of the highly concentrated 
spore suspension of the other species used in these experiments. 

Why R. nigricans should cause so much decay when such high con- 
centrations of spores of the other species were employed, especially in 
the cases of R. reflexus and R. artocarpi, cannot be explained now. This 
seems rather strange when it is considered that R. reflexus, in particular, 
seems to decay sweet potatoes fully as rapidly as R. nigricans when the 
“well” method of inoculating is employed at the same temperatures. 
The two cases are hardly comparable, however, since in the present 
experiments we are dealing with the percentage of infection, while in 
the case cited we have to do with the rapidity of decay after infection 
has occurred. When the “well” method is used there is nearly always 
100 per cent infection, irrespective of the species employed. This 
method is not at all comparable, however, to the one employed in tliese 
experiments. 

When these results are compared with tliose obtained by Harter, 
Weimer, and Lauritzen (d), who showed that several species of Rhizopus 
have the capacity to decay sweet potatoes, one should take into considera- 
tion the methods employed in the two cases. In the former case the 
particular species involved in infection was not only present as a con- 
centrated mass of active mycelium, but had the additional advantage 
of having access to the available food still remaining in the decoction. 
The species concerned also had access to the food rendered available 
soon after inoculation by the action of the pectinate, present in the 
decoction, upon the middle lamellae (3) . In the latter case, infection 
depended either upon the spores present on the potatoes as they were 
removed from storage, or upon the spores introduced as a suspension in 
water. Where the potatoes were not inoculated, the species present may 
have been limited to those {R. iritici and R, nigricans) isolated in the 
first type of experiments. If other species were present, tliey were 
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unsuccessful in competition with these two species. When the potatoes 
were inoculated as above, the competition between the species present, 
whether introduced or occurring normally, was more nearly equal than 
it was between the species present on the potatoes as they came from 
storage and the inoculum used in connection with the “well*’ method. 

It should be realized from a comparison of the results obtained by 
the two methods, that because a fungus produces a disease under one 
set of experimental conditions, it does not necessarily do so under another. 
The factors involved in determining infection under experimental con- 
ditions may vary greatly from those under normal conditions, depending 
upon, first, whether or not the experiments are designed to approximate 
normal conditions, and, second, whether or not the circumstances and 
our knowledge enable us to recognize and control the factors involved. 

There seems to be some unknown factor or factors, either as a part 
of the capacity to decay, or associated with it, on the part of R, nigricans 
that enables it under normal conditions or the conditions of these experi- 
ments to infect sweet potatoes to the exclusion of the other species. 

SUMMARY 

(1) Rhizopus nigricans and R, tritici are the species primarily respon- 
sible for the decay of sweet potatoes known as softrot, R. ni^icans at 
temperatures between 6® and 20® C., and R, tritici at 30® and above, 
the two overlapping between 20® and 30®. 

(2) The temperature range of infection by R, tritici^ R. nigricans, and 
Mucor is so wide as to exclude the possibility of storing sweet potatoes 
beyond the limits of this range. 

(3) R. tritici, R, oryzae, R. reflexm, and R* artocarpi can not compete 
successfully with R. nigricans at the temperatures of 12®, 14®, and 18® C. 
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INTRODUCTION 

There are three general methods by which the tremendous destruction 
of wheat by black stem rust may be reduced. These are the eradication 
of the common barberry {13),^ the growing of rust-resistant varieties 
(i, zo), and the use of improved methods of field culture {14), The losses 
have been especially severe in the hard red spring wheat area. No 
hard red spring wheat of high quality and yield, which is generally 
resistant to stem rust in the hard spring wheat belt, is now grown on 
a large acreage. K qt a, apparently, is highly resistant to stem rust in 
those districts in v™ch it has been grown, but on account of weak 
straw it is likely to lodge in the more humid sections. Therefore, the 
importance of developing other rust-resistant hard red spring wheats is 
quite apparent. 

The production of varieties of wheat resistant to stem rust is a complex 
problem. Until recently it was supposed that only one form of stem rust 
caused the epidemics on wheat, although some of the early workers 
believed that the parasitic capabilities of the rust were easily modified 
{2). However, Stakman and Piemeisel (17), followed by others {8, g, 15) 
have shown that Puccinia graminis iritici Erikss. and Henn. in reality 
consists of many biologic forms which differ in their pathogenicity for 
certain varieties of wheat. 

• This discovery explains why the same variety of wheat may be resist- 
ant when grown in one locality and susceptible when grown in another, 
or why a variety may be resistant in the same locality in one year and 
susceptible in the next. It is obvious that if a wheat is to be resistant 
in the field it must be resistant tb all of the biologic forms present in the 
locality in which it is to be grown. 

Both I ^nr ed and Marquis are good milling and high yielding wheats. 
Kanred, however, is practically immune from several biologic forms of 
stem rust to which Marquis is susceptible. The purpose of 5 iis paper is 
to present data regarding the mode of inheritance of growth habit (winter 
versus spring habit) and resistance to stem rust in a cross between 
Kanred and Marquis wheats. 


1 Accepted for publication Aujr. 91, 10*9. 

* This work on the development ct rust-resistant varieties of wheat was under the direction of Dr. H. 
K. Hayes and Dr. B. C. Staicman. The cross was made in 1918 by Carl Kurtzweil and others. The seed 
of the first seneratioin was furnished by Doctor Hayes. The biologic forms of rust were supplied by Doctor 
Stakman and Mr. M. N. Levine. 
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Hayes, Parker, and Kurtzweil (7) recently studied the inheritance of 
resistance and susceptibility, to what apparently was a single biologic 
form, in crosses between common and durum wheats and conunon wheat 
and emmer. They showed that the inheritance of resistance and 
susceptibility to stem rust was not the same in different crosses. In the 
durum-common cross, susceptibility appeared to be dominant while in 
the emmer-common cross the Fj was resistant, but not as resistant as the 
emmer parent. There was some linkage in transmission between the 
emmer and durum types and resistance to stem rust. Resistant emmer 
and durum t)^s were very common, while it was quite difficult to 
obtain resistant common wheats. 

Puttick (jj) reported the results of a study on the reaction of the F, 
plants of a cross between two varieties of wheat which react reciprocally 
to two biologic forms of stem rust. Many gradations in reaction to both 
forms of rust appeared, varying from complete susceptibility to complete 
immunity. 

Extensive rust surveys have been made during the last few years. 
The prevalence, distribution, and virulence of the various biologic forms 
of Pucdnia graminis iriiici are now being ascertained and, for all practical 
purposes, the parasitic effect on the hosts seems to be constant {16). The 
plant breeder now has a definite basic foundation for the development of 
varieties resistant to stem rust. 

Twenty-one biologic forms ^ of rust have been found in the upper half 
of the Mississippi Valley. As the winter wheat, Kanred, is resistant to 2 
of these forms and immune from 1 1, the value of this variety in breeding a 
rust-resistant spring wheat is apparent. If there could be isolated from 
the progeny of a Kanred-Marquis cross, a spring wheat which would 
be resistant to some or all of the forms to which the winter parent is 
resistant, one step would be accomplished of the many needed to produce 
a generally resistant variety. 

Kanred is a true winter wheat which, when sown in the spring, at 
University Fa^m, St. Paul, Minn., produces only an occasional head 
late in the season and does not set se^. Marquis is a true spring wheat, 
which, when sown in the fall, seldom, if ever, lives through the winter. 
Growth habit,' as used in this paper, is meant to indicate that general 
difference which exists between true spring and true winter varieties in 
their ability to produce heads normally when sown in the spring of the 
year (PI. i, A). 

Apparently few investigations have been made on the inheritance of 
growth habit. Innumerable observations have been reported in litera- 
ture on the differences in heading period and maturity between varieties 
in both spring and winter groups. These differences, while they may be 
of the same general nature as winter habit, are comparatively very mi- 
nute, but they are constant, as was shown by Fruwirth {$) ^ ^9^^- 

A single head of wheat was selected and divided into two parts. One- 
half of this seed and its progeny was constantly sown in the fall and 
the other half in the spring. This process was continued for 8 years. 
The two lots of seed were then sown together in both the fall and spring 
and the growth habits compared. The period of blossoming and ripening 
was the same for all plots, showing that selection within a pure line was 
of no value. 


^opubtiahed data {urnished by En C. Staknuoi and M* N. I«evtne. 
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The nature of the processes involved in bringing about the heading 
period has been a matter of speculation for some time. The climatic 
units which control these processes and permit winter grains to produce 
seed are finely interwoven. Although temperature and moisture are 
very important factors in the growth and maturing of plants, it is quite 
evident from the plant life about us that the time of flowering and 
fruiting of most plants is definitely connected in some way with the 
advance of the season. Gamer and Allard {6) have clearly demonstrated 
this third factor to be the change in length of day and night. They 
found that certain plants which ordinarily require a short day for flowering 
and fruiting could be induced to flower and fruit in the middle of the 
summer by shortening the lengdi of day to that which was normal for 
the regular flowering season. This was done by placing the plants in a 
dark-house for a certain number of hours each day. 

In contrast to this group of plants which require a short day for flower- 
ing and fruiting, is that group of plants which require a long day of light. 
These plants flower regularly in the late spring or early summer. Gamer 
and Allard place our small grains in this group. 

As regards the inheritance of the growth-habit character, the results 
reported by previous workers do not appear at first to be in full agreement. 
Spillman {12) reported in 1909, that the winter character was dominant 
over the spring character in a cross between a winter common wheat and 
a spring club wheat. Fruwirth (4, p. 176) in 1910, cites Tschermak as 
having reported that tlie winter type was dominant over the spring type. 
Wlien sown in the fall, the first generation of hybrids wintered over 
somewhat better than the true winter forms; but when sown in the spring, 
they remained dormant through nearly the whole summer. Single 
shoots appeared and began to blossom, but they produced no seed. 

Gaines (5, p. 42-45) in 1917, reported that he obtained a segregation 
of spring and winter types from a cross between 2 spring varieties of 
barley, Rice and Beardless. The Fj when sown in the spring, headed 
normally. In the Fg there was a ratio of 3 winter plants to 13 spring 
plants. The plants in the third generation bred fairly close to expected 
ratios. He found that seasonal variations influenced the heading periods 
and consequently the ratios. The segregation in the Fj, however, 
indicates a dominance of the spring type over the winter type. 

A complete and detailed study of the genetic nature of growth habit 
in wheat varieties has been made recently by Vavilov and Kouznetzov 
(j«y). They crossed a common winter wheat with a club spring wheat 
and found a clear dominance of the spring character over the winter 
character. There was a complicated segregation in the Fj, and some of 
the segregates (including many intermediates) were homozygous in the 
Fj. Of &e 552 Fj plants, 500 were early or late spring plants and 52 
were t3q)ical winter plants. The results obtained by the writer on the 
inheritance of spring and winter habit are quite in accord with those of 
Vavilov and Kouznetzov. 

MATERIALS AND EXPERIMENTAL "METHODS 

Marquis, a hard red spring common wheat of high quality, was crossed I 
with Kanred in the summer of 1918. The latter, which is immune from | 
several different biologic forms of stem rust, is a high yielding selection j 
from Crimean hard red winter wheat. 




460 


Journal of Agricultural Research voi. xxiv, Na 6 


The crossed seed was sown in the fall of the same year and produced 
80 plants, 2 of which were winterkilled and 5 of which were not crosses. 
The remaining plants were harvested individually and the seed sown in 
the spring of 1920. 

In the second generation a population of approximately 5,000 plants 
was grown. In order to facilitate observations the seeds were sown at 
intervals of 3 inches, in rows i foot apart. The date of emergence of the 
first head on each plant was noted. The hybrids formed a continuous 
series for date of head emergence, beginning with those which came out 
at the same time as the spring parent, to those which did not emerge at 
all. In this way they resembled the winter parent. (PI. i, B.) 

The time of heading was divided into weekly periods. One week from 
the day on which the first plant headed, tags were placed on plants on 
which one or more heads had emerged. These comprised the tot class. 
All of the Marquis control plants headed during the same period as did 
those plants included in the first class. One week later, tags were 
attached to all plants which had headed since those of class i. These 
constituted the second class. This process was continued for 8 weeks, 
after which period no more plants headed. The plants which did not 
head were classed as true winter types. The winter parent controls failed 
to head, thereby falling into the same class as the winter hybrids. 

From the first 7 heading classes in the Fj, 65 families were grown in the 
F3. The plants from the seventh class produced only a few seeds, while 
those of the eighth class headed so late that no seed was produced at all. 
In sowing, the seed was again spaced as in the second generation so that 
a study could be made of the individual plants. 

Several of the families were uniform for heading period in the Fg. 
In these cases the entire plot was given a general heading date, as in a 
varietal test. Others of the families were heterozygous for date of head 
emergence. In those plots a final count was made at harvest time of 
the number of plants which failed to head and the number which pro- 
duced heads. 

The rust studies were made on plants growing in the field under an 
artificial epidemic produced with several different biologic forms of stem 
rust and also on inoculated seedlings in the greenhouse. 

In the second generation all the plants were grown in the field under 
an artificial epidemic produced by spraying the plants with a suspension 
of urediniospores of several different biologic forms. Both parents were 
susceptible to some of the rust forms which were used. All of the hybrid 
material was as susceptible as either parent in this epidemic and there- 
fore a detailed genetic study of the inheritance of rust resistance under 
field conditions could not be made. Studies on the inheritance of 
resistance and susceptibility were made in the greenhouse by inoculat- 
ing the Fg seedlings with cultures of urediniospores of known biologic 
forms. 

The seedlings in the greenhouse were grown in 4-ittch pots and inocu- 
lated when they were i ^ to 2 inches tdl. After inoculation they were 
placed in a glass-topped chamber and incubated 48 hours. The notes 
on infection were taken 12 to 14 day^ after the date of inoculation. 
Some of the plants were completely susceptible and the others were im- 
mune since there were no intermediate types of infection. The uredinia 
were large, coalescing, and normal in evety respect on the seedlings both 
of Marquis and of susceptible hybrids, while the seedlings of Kanred and 
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of the resistant hybrids were immune. There were, therefore, only two 
classes, i. e., immune and susceptible. 

An intensive study was made by testing a large number of Fg plants 
with a single known biologic form to which the Marquis parent is sus- 
ceptible and the Kanred parent is resistant. Two questions then natur- 
ally arise; How is the reaction tendency of the host to all of these biologic 
forms inherited ? Is the reaction due to the presence of a single genetic 
factor, or, if several factors are concerned, are they linked in the process 
of segregation? An attempt was made to solve these questions by inoc- 
ulating various Fg selections, which were homozygous in their reaction 
to the first form studied, with 12 other biologic forms of stem rust. 



,aass I u 111 IV y VI vii vi ii ix 

spring intermecffates mnter 

Parent Parent 


t — Diat^ram showing Uie segregation for time of heading in the ^ring-sown Ft of a Marquis 
X Kanred hybrid. 

EXPERIMENTAL RESULTS 
THE MODE OF inheritance OF GROWTH HABIT 

The first generation material was sown in the fall. Because of the 
mildness of the season, only 2 out of 75 plants were killed during the win- 
ter. Had the winter been severe, it is possible that a higher percentage 
of the first generation plants would have been killed. No F^ plants were 
grown from spring-sown seed. 

All of the seed from the Fj was sown in the spring of the following 
year, producing an Fj population of 5,250 plants. Of this number 4,808 
plants headed during the summer and 442 plants did not. Of the former, 
980 plants headed at the same time as did the spring parent. In the 
second weekly period 1,502 plants headed, which is the greatest number 
to fall into any one heading period. From the second period on to the 
eighth, there was a gradud decrease in the number of plants heading. 
In the eighth period there were but 19 plants. The total number for 
each class is shown in figtire i. . 

It is very evident from the chart that the segregation of the plants for 
growth habit characters in the Fg is of a complex nature. All of the plants 
in the first 5 classes matured like any ordinary spring wheat variety. 
It would be quite fair, then, to assume that in general, the plants in these 
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first 5 classes could represent reasonably well the true spring type. If 
such were the case, there would be 4,350 plants of the spring type and 900 
of the winter, a ratio of approximately 5 spring plants to i winter 
plant. If it were assumed that all plants which headed during the sum- 
mer were of spring type, there would be a ratio of approximately 1 1 
spring to i winter. In either case there is a partial dominance of the 
spring over the winter habit. 

A study was made to ascertain whether any correlation existed between 
the inheritance of growth habit and the presence of awns. A total of 
432 plants were tabulated according to their growth habit in relation to 
^is character. The awn characters were recorded from the Fj individual 
plants and controlled by the progeny performance in the Fj. The results 
are presented in Table I. 


Table I . — The relation between awns and growth habit in the Fj progeny of a Kanred X 

Marquis hybrid 


1 

2 

3 

4 

5 

6 ... . 

I.:.. . 

Total . 


Heading period. 


Ntmiber of 
plants with 
long awns. 




Number of 
plants with 
interme- 
diate awns. 

Number of 
awnless 
plants. 

25 

14 

20 

II 

2 1 

16 

21 

24 

26 

16 

41 

38 

9 

II 


I 

172 

131 


The results presented in Table I show that there is a lack of correlation 
in the inheritance of awns and growth habit characters. While the 
numbers are not very great for each separate heading period, there is a 
total of 129 bearded plants compared to 131 beardless plants for the first 
8 periods. 

The segregation of plants for growth habit in the Fg families was in 
accord with the segregation obtained in the Fg. The growth habit of 
the plants belonging to the various Fg groups is shown in Table II. 


Table II . — The growth habit in Fg of plants belonging to separate Fg heading groups 
in a Marquis-Kanred hybrid 


Number of families. 


Heading period. 

Grown. 

Homozy- 

gottefor 

spring 

habit. 

Heterozy- 
gous for 
growth 
habit. 

Homozy- 
gous for 
winter 
habit. 


10 





10 

6 

A 



10 

10 

7 

c 

H- 

3 

5 

g 

0 


10 

3 

2 

0 

l!;.*;;!.*;!.'!;;;.. .* 

0 

0 


0 


1 

0 

9 

A 

2 
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The plants selected from the first heading period in the second generation 
were homozygous for the spring habit of growth in the third generation. 
Beginning with the plants in the second heading period, there was a 
gradual decrease in the number of families which were homozygous for 
the spring character and a corresponding increase in the number of 
families heterozygous for the same character as the seventh heading 
period was approached. There was also a gradual change in the ratios 
of spring to winter types progressing from the first to the seventh heading 
period. In the seventh period, 2 families were homozygous for winter 
character. If the plants in the eighth class had produced seed in the 
second generation, there undoubtedly would have been a still larger 
number of homozygous winter types in proportion to the number of 
spring types. 

One can readily see from the data presented that there is a great 
difference in degree of heterozygosity of the plants in the various heading 
periods. In the first heading period all 10 of the Fj families are homo- 
zygous for spring type; in the second, 6 of 10; in the third, 7 of 10; in the 
fourth, 5 of 10; in the fifth, 2 of 10; in the sixth, all 9 of the families are 
heterozygous for growth habit, and in the seventh period 4 families are 
heterozygous for growtli habit and 2 are homozygous for winter type. 
With the exception of those from the sixth heading period, honjozygous 
forms were obtained in all classes grown. A number of F, families were 
homozygous spring types comparable to our ordinary hard red spring 
wheat varieties. In addition to these early-heading plants, a few families 
were obtained which were homozygous for a heading period much later 
than that of the Marquis parent. 

From Table III it will be noted that there is a correlation between the 
F2 heading period and the percentage of spring types produced by the 
various Fg families. 

TablB III . — Showing the growth habit of the F^from plants heterozygous for growth 

habit 


Heading period 

Number of types 

Spring 

types. 

Spring. 

Winter. 


All. 

154 

I 2 I 

158 

236 

187 

12 

None. 

13 

14 

46 

I ^9 

6 

Per cent. 
100 

92.2 

89.6 

80.2 

83.7 

73 

66.7 






! 1 


With the exception of the very slight increase in the fifth heading 
period, there is a very regular decrease in the percentage of spring types 
to winter types as one proceeds from the first to the seventh heading 
period. Here also there undoubtedly would have been a more complete 
reversal of the ratios of spring types to winter types in plants of the 
eighth and ninth heading periods, had it been possible to grow these plants 
in the third generation. 
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THE MODE OF INHERITANCE OF RUST RESISTANCE 

The Fj plants grown in the field during the summer of 1919 were not 
infected, since no rust developed in the field where they were grown. 
Consequently no determinations of resistance or susceptibility could be 
made under field conditions. 

The Fj plants were extremely susceptible when grown in the field under 
an epidemic produced artificially by inoculation with several biologic 
forms. The Marquis control plants, which are completely susceptible to 
all of the forms used in producing the epidemic, had an average rust 
infection of 87.7 per cent. The hybrids growing under the same con- 
ditions had an average rust infection of 80 per cent. This high suscep- 
tibility of the hybrids growing in the field was to be expected, because 
both the Marquis parent and the Kanred parent are susceptible to some 
of the forms used in producing this epidemic. These results very clearly 
demonstrate how a general field epidemic may fail to differentiate the 
segregation for resistance and susceptibility in the progeny from a given 
cross. The most accurate and reliable method of determining the 
resistance and susceptibility of hybrid progeny to any given number of 
biologic forms is to grow the plants under controlled conditions and to 
inoculate them with single known biologic forms. 

The plants of 10 families from each of the first six classes, and 5 fami- 
lies from the seventh class, for growth habit (fig. i), were tested for their 
reaction to Biologic Form I. This form is one which has been carried 
in pure culture since 1916 and has remained constant in its reaction on 
various host plants throughout this period. Of the 65 families tested, 
23 were pure for resistance to this form of rust, 10 were susceptible, and 
32 were heterozygous. The ratios are not very significant when taken 
from such a small number of families. There is a numerical ratio of 23 
resistant families, 32 heterozygous, and 10 susceptible. The ratio of 
homozygous to heterozygous families is a very close approximation to 
the expected i :i i;atio. The inoculation results are given in Table IV.^l 


Table IV . — The reaction of Marquis and Kanred, and various families of the F^from a 
cross between Kanred and Marquis, to Biologic Form / of stem rust ^ 


Class. 

Homozygous for 
resistance. 

Heterozygous for resistance. 

Homozygous for 
susceptibility. 

Number of 
families. 

Number erf 
individ- 
uals. 

Number of 
families. 

Number of 
individ- 
uals 

resistant. 

Number of 
individ- 
uals sus- 
ceptible. 

Number of 
families. 

Ntuuberof 

individ- 

uals 


3 

102 

4 

96 

26 

3 

82 

2 

3 

75 

7 

184 

54 

0 

0 

3 

3 

108 

4 

102 

35 

3 

88 

4 

1 

21 

8 

239 


[ I 

26 

5 

4 

HI 

4 

89 

a8 

2 

73 

6 . 

6 

140 

3 

65 

iS 

! I 

24 

7 

3 

SO 

2 

*3 

2 

0 

0 

Total 

23 

607 

32 

798 

222 

10 

*93 

Marquis 


1 

0 


1 

0 

0 



Kanred 


83 


0 

0 

0 

03 

0 


1 A total of a,oS6 mdtviduai plants were inoculated. The resistant hybrid plants were just as free from 
lesions as the resistant Kanred parent. The suscwtiblc bybiid plants were completely suscetitible, pur 
dudng large, vieorous, and confluent uredinia- This type of infection was like that Obtained on the 
Marquis panmt (PI. a). 
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Th^ were 1,020 individuals in the 32 families which were heterozy- 
gous in their reaction to Biologic Form I. Of this number, 798 were 
immune, while 222 plants were clearly susceptible, an approximate ratio 
of 3 resistant plants to i susceptible. In some cases there were a few 
plants which failed to become infected in families which, judging from 
the majority of the plants inoculated, should have reacted as homozy- 
gous for susceptibility. Upon reinoculation it was found that the plants 
really were susceptible and had merely escaped infection. In the case 
of the heterozygous families it is not surprising, therefore, that the 
number of resistant plants is a little larger than expected. Apparently, 
there should have been a simple ratio of 3 resistant plants to i suscep- 
tible. There is a deviation from the expected of 33 ± 9.33. 

From these data it is very evident that the segregation for resistance 
and susceptibility to this one biologic form of stem rust is very simple. 
Many desirable types were obtained in the Fg which are homozygous for 
spring habit or growth and are immune from Biologic Form I. 

Several Fg selections, homozygous in their reaction to Form I, were 
inoculated with 12 other biologic forms. The results obtained were very 
striking and consistent, and are presented in Table V. 


Table V. — The reaction of Marquis, Kanred, and F^familtes of the cross between Kanred 
and Marquis, to 13 biologic forms of stem rust 



* S<»Completely susceptible; I-^immune; R<« resistant, a type of infection intermediate between that of 
S and I. 


It will be noticed in Table V that as far as the reaction of the two 
parents is concerned, the 13 biologic forms of rust may be placed into 
2 groups. The first group is typified by Form I, to which Marquis is 
susceptible and from which Kanred is immune. 

The second group is represented by Form III, to which both Marquis 
and Kanred are susceptible. Here it will be seen that all of the progeny 
are as susceptible as either parent and identical in their reaction in this 
respect. 

The hybrid families may also be placed in two groups; (a) those whose 
rust reactions are similar to the Marquis parent, and (6) those that are 
similar to the Kanred parent. Family 41, for example, is identical with 
Kanred in its rust reaction to all of the forms used, and family 181 is 
identical with Marquis in its rust reaction to all forms used. 

These results very definitely demonstrate that resistance and sus- 
ceptibility to several biologic forms of stem rust may be carried either 
in a single genetic factor or in different factors linked in the process of 
segregation. 
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With this fact established, it has been possible to inoculate the progeny 
from this cross with a single biologic form of mst from which the Kanred 
parent is immune. By their reaction to this one form it is clear that 
without inoculating they will react similarly to the other biologic forms 
from which Kanred is immune. In this manner, numerous Fg selections 
have been obtained which are pure spring typ^ immune from all of the 
known biologic forms of stem rust from which the Kanred parent is 
immune. 

DISCUSSION OF RESULTS 

The results show very clearly the complicated nature of the genetic 
difference between a spring and a winter variety of wheat. The results 
could not be explained very well on a simple monohybrid or dihybrid 
basis. The segregation indicates very minute differences for this char- 
acter between the individual plants. While the time of heading was 
divided only into weekly periods, it was very evident during the progress 
of the experiments that the differences between the individual plants 
could be determined within a few days. For practical purposes and 
convenience in gathering the data, however, it was decided that heading 
periods, one week in duration, would be sufficient to indicate accurately 
the nature of the segregation for this character. 

The results presented in Table IV show that there was no correlation 
between the growth-habit character and reaction to rust. The same 
numeric relations exist between the susceptible and resistant plants 
regardless of their respective times of heading. This transfer of the 
rust resistance of the winter parent to the progeny having the growth- 
habit character of the spring parent, attained the initial objective of the 
experiment. Several thousand rust-resistant families were obtained in 
the Fg and F4 which are being studied and tested for desirable agronomic 
characters in general. 

These results are of particular interest not only in that they contribute 
to the solution of the general problem of breeding varieties of wheat 
resistant to rust, hut also from the biological viewpoint. It is a common 
opinion that winter forms are more ancient or primitive than spring forms. 
Vavilov points out that this opinion is based on the fact that the so-called 
wild progenitors of our cereals are winter forms. Upon closer investiga- 
tion of these wild species, however, he discovered the existence of spring 
as well as winter forms. He states (/<?): 

As a matter of fact, spring races in natural conditions have originated as a result 
of hybridization of different varieties of winter plants, and, vice versa, spring varieties 
could give origin to winter varieties. Both kinds of plants can be obtained syntheti- 
cally one from another. 

The wide genetic variability which different varieties of wheat may have 
for growth habit explains why spring character may be dominant over 
winter character and vice versa. The segregation which one would expect 
in a cross depends upon the factors present for the growth-habit character 
in the parental material. One might cross two varieties of winter wheat 
which from all appearances seemed to be homozygous for winter habit 
and in the progeny obtain some plants with the spring habit of growth. 
It has been shown (iS) that spring types have appeared in the Fg of 
such a cross. Likewise two spring types may be crossed and some 
progenies which are winter types will be obtained. This has been 
shown (5) in the case of two varieties of spring barley, in the F, and F4 
of which appeared several winter forms. 
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In view of the preceding facts and the data presented in this paper, 
it is not at all surprising that various workers have drawn different con- 
clusions regarding the dominance of spring and winter characters in wheat 
and other cereals. The large number of Fg selections, homozygous for 
heading period and varying all the way from the pure spring character 
to the pure winter character, demonstrates how finely the differences for 
growth habit may be divided. Bach Fg family (or selection) with a dif- 
ferent heading period is of a different genetic nature. And as soon as 
these types become fixed, one ought to be able by intercrossing the types, 
to produce varying degrees of dominance of spring and winter characters. 

Probably one of the most important principles that this study has 
demonstrated is the necessity for using known biologic forms of rust in 
the determination of the resistance or susceptibility of any given host. 
Attention was called to this principle by Stakman, Levine, and Leach ( 1 5) 
in 1919; by Hayes, Parker, and Kurtzweil (7) in 1920; and again by Put- 
tick (ji) in 1921. It has already been pointed out that previous to the 
discovery of the existence of biologic forms of stem rust of wheat, the 
breeding of resistant varieties met with failure time and again. Simply 
because a variety of wheat is resistant in a given locality for a period of ' 
years, there is no assurance that it will always be resistant in that locality 
or in any other locality in which it may be grown. And for the same rea- 
son one can not expect to prove conclusively, in an experimental plot, 
the resistance of any given variety, unless it is tested for resistance against 
all of the rust forms which exist in the area in which it is expected to be 
grown later. One can readily see the difficulty of producing an artificial 
epidemic in the field with certainty that a number of forms are present in 
sufficient quantity to have equal opportunity to attack all plants. Even 
if this were possible in a practical way, it would bring about difficulties 
in the synthetic production of a resistant variety. This point was clearly 
demonstrated in the work from which the data presented in this paper was 
taken. 

The Fg population was grown in the field under an artificial epidemic 
produced with several different biologic forms of rust. One of the parents 
and many of the hybrid plants were resistant to some of these biologic 
forms, as was proved when they were inoculated with the pure culture 
in the greenhouse. But in the field, all of the plants were equally sus- 
ceptible, for all practical purposes. There was no method by which one 
could differentiate the plants one from another under this general epi- 
demic. If a genetic study was to be made of a given number of biologic 
forms in their reaction on certain host plants it was evident that the 
work must be carried on under controlled conditions. 

After the susceptible individuals have been eliminated in this manner, 
the general selection for desirable a^onomic characters can be carried 
on in the field. As soon as this desired agronomic type is obtained, it 
will be crossed again with other varieties or selections which are resistant 
to other biologic forms and this process will be continued until a desirable 
agronomic type has been obtained which is resistant to all of the biologic 
forms of stem rust. 

The fact that resistance and susceptibility of the host to several different 
forms of rust are inherited as a single genetic factor makes this cross very 
valuable. Kanred is known to be immune from at least 1 1 different biologic 
forms of stem rust, and, as far as tested, the immune progeny possesses 
all the immunity of the Kanred parent. This has further demonstrated 
that a variety of common wheat may be produced s)mthetically which 
will be resistant to a large number of the biologic forms of stem rust. 
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SUMMARY 

(1) The segregation for growth-habit characters in the progeny of a 
cross between a winter and a spring wheat accords widi Mendelian 
laws. The results indicate the presence of multiple factors for this 
character. 

(2) Homozygous types for both spring and winter characters were 
obtained in the Fg. In the Fg, some plants appeared which were homozy- 
gous in Fg for a heading period which was 5 weeks later than that of 
the Marquis (spring) parent. 

(3) Kanred is an awned winter common wheat, while Marquis is an 
awnless spring common wheat. In the progeny of this cross there was 
no correlation between growth habit and presence of awns. 

(4) The segregation for rust reaction to Biologic Form I in the progeny 
of a cross between Kanred and Marquis wheats shows a simple Mendelian 
ratio of approximately three immune plants to one susceptible plant. 
There is a clear dominance of immunity over susceptibility, since there 
are no intermediate types of infection with this rust form. 

(5) The progeny of this cross were inoculated with several biologic 
forms of stem rust and show that the reaction of the host to all of these 
forms is inherited as a single genetic factor. 

(6) In the Fg some of &e hybrid families were homozygous for the 
spring habit of the Marquis parent and for the rust resistance of the 
Kanred parent. 

(7) There was no correlation between the inheritance of growth habit 
and the manner of reaction to stem rust. 

(8) These facts further demonstrate that varieties of common wheat 
may be produced syntlietically which will be resistant to a large number 
of the biologic forms of stem rust, Puccinia graminis tritici. 
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PLATE X 

A. — Showing the difference in growth habit between Kanred winter wheat (left) 
and Marquis spring wheat (ri^ht) at harvest time, when both are spring sown 

B. — Showing the segregation for time of heading in the Fg plants from the 
Marquis X Kanred cross, when seed from Fj heading classes was spring sown. Left, 
Marquis; center, Fg hybrids, arranged in order of heading dates, from left to right; 
right, Kanred. 
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PLATE 2 


Seedlings of Kanred, Marquis, and families of the cross between Kanred 
and Marquis, inoculated with a rust form from which Kanred is immune and to 
which Marquis is susceptible. A, Kanred, immune; B, generation, immune; C; 
Fj generation, segregating for susceptibility to rust; D, F^ generation, susceptible, 
E, Marquis, susceptible. 




EFFECT OF ORGANIC DECOMPOSITION PRODUCTS FROM 
HIGH VEGETABLE CONTENT SOILS UPON CONCRETE 
DRAIN TILE ^ 

By G. R. B. Eluott 

Assistant Professor of Farm Drainage ^ Minnesota Agricultural Experiment Station 

PREFACE 

The work which is covered in the following report was begun purely 
as an engineering study. It arose out of the fiduciary duty of the engineer 
to protect the interest of his client, namely the man who ultimately pays 
the bill and upon whose prosperity the permanence of the whole business 
rests. Necessity made the scope of the investigation much broader than 
was at first expected. Accident drew attention to the apparent failure 
of a structural material under certain limited conditions which oppor- 
tunity gave a chance to investigate. This does not, however, mean 
that the material will fail under any other conditions than those investi- 
gated. Nor does it mean that material not investigated is therefore 
exempt from criticism. It is believed that this investigation very 
materially aided a movement for the general improvement of the mate- 
rial investigated, not only for limited but, also, for the general application 
of the material. 

Other material, not covered in the scope of these investigations, but 
used for the same purpose, is, under certain conditions, as liable to failure 
as is the material investigated. A general movement for its improve- 
ment is very much to be desired. A recognition of the special adapt- 
ability of each material to its own particular class of work would aid 
materially in stabilizing tlie business. 

PART I, GENERAL INTRODUCTION 

The extremely rapid development, particularly in the last few years, 
of the drainage of wet farm lands and the increasingly large investments 
in drainage that are being made by the farmers of this country are mak- 
ing necessary an intensive study of both materials and methods. Burned 
clay was the first material to be used extensively in this work, and by 
its use the early science of land drainage was developed. 

The adaptability of concrete for making drain tile soon became ob- 
vious and the manufacture of concrete drain tile is now one of our well 
established industries. A very large proportion of the lands which may 
be profitably drained are either in large alluvial deposits or in immense 
plains left by glacial action. Under each of these conditions the forma- 
tions which would carry good industrial clays are in many instances 
deeply buried and the farmer may have to go a considerable distance for 
his supplies, and pay heavy freight charges on them. 

Another factor of very considerable importance is that the efficient 
handling of clay products requires a very considerable outlay for plant, 
necessitating, in its turn, a market, devdoped before the establishment 
of the plant and of sufficient size to keep the plant busy. This is impos- 
sible in the newer districts, 

^ Accepted for publication Aug. xs. 193a. 
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Concrete tile, on the other hand, may be made in small and inexpensive 
plants, adapted to seasonal business of various sorts, and the bulk of the 
material used is available at a comparatively low cost. 

The formation of drainage districts and the digging of large outlets 
is of little value without complete interior drainage of the wet lands by 
the construction of laterals, spaced as the soil condition may require. 
In outlying districts the excessive cost of clay tile due to long haul pro- 
hibits its use. With this in mind it may be said that concrete, if it can 
be made durable, is potentially the controlling factor in the drainage 
development of the newer parts of the country. 

Unfortunately, when first manufactured, concrete tile made a bad 
start. It was claimed that as most of the water got into the tile through 
its walls and not at the end of the tile, the more porous those walls were, 
the more efficient the drain would be. This erroneous idea was honestly 
promoted by engineers and was used as a sales argument by the manu- 
facturers of concrete. Standard specifications at the present time 
permit an absorption of lo to 12 per cent and unscupulous manufac- 
turers have been making a product that merely holds together long 
enough to get it into the ground. Failure due to the breaking down of the 
tile has been common, but the firms manufacturing poor material have 
generally been of short life while those who turned out a good product 
have usually gro^vn and increased their business. The result is that the 
average product of today is far superior to that of 10 or even 5 years ago. 

It has frequently been noted that tile made by certain manufacturers, 
or, more correctly, the tile made by manufacturers in certain districts 
did not last as well as tile manufactured in other districts. The manufac- 
turer was invariably blamed for any failure. 

INVESTIGATIONS 

In most average soils, well-made concrete tile appears to be permanent. 
As the vegetable and mineral matter of soils varies, however, tlie con- 
crete tile disintegrates. 

In some of the arid and semi arid districts of the West and Middle 
West, for instance, concrete has broken down in wet soil containing a 
high percentage of some alkalies, particularly alkaline sulphates. The 
cause is becoming fairly well understood, but the cure is still under 
investigation. This disintegration appears to have first been reported 
officially by Headden (7)* and Tannatt (14) in 1908. Since that time tlie 
subject has been very carefully investigated, notably by Bates, Phillips 
and Wig { 2 ) in 1912; Wig and Williams (j6) in 1915; Wig, Williams and 
Gates { 18 ) in 1916; Steik (lo) and Wig, Williams and Finn (17) in 1917; 
Steik { 11 ) in 1919, and Miller { 8 ) and Williams (19) in 1922. 

The outstanding fact developed by this work is the destruction of 
concrete by alkaline sulphates of a comparatively high concentration in 
the soil water of alkaline soils. 

Winter and Musselman { 21 ) in 1915, and Winter (ao) in 1917, working 
at the Michigan Agricultural College, investigated the solubility of 
concrete in water and in various acids. 

The University of Washington has made tests covering the destruction 
of concrete by carbonic acid. 

In Europe several marsh investigators have noted the disintegration of 
concrete in Hoch moor.’* This corresponds to our “ muskeg,” which is 


* Reference is made by number (italic) to "Literature ated," pp. 499^-500. 
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composed almost entirely of moss and other low order plant accumula- 
tionS) without inwashed soil or lime. 

Vogler (15) in his “ Grundlehren der Kulturtechnik,’' published in 1909, 
draws a strong distinction between low moor and high moor, repeatedly 
affirming the resistant quality of cement tile in low moor and its destruc- 
tion in high moor. 

Tacke (13), in 1910, published a papes on the substances in peat 
which would probably be destructive to concrete. He mentions the dis- 
integration of concrete in a moor containing as high as 17 per cent of 
iron pyrite. He also discusses the probable destruction from humic 
acids of concrete in high moor and its permanence in low moor. 

Bersch (3) in his “ Handbuch der Moorkultur,” published in 1909, makes 
the same distinction between low and high moor as does Vogler, and 
draws the same conclusions regarding the durability of the concrete 
tile in the two classes of peat. 

None of these authorities follovred up his observations by any pub- 
lished research results, but the behavior of concrete tile in peat was con- 
sidered of such importance that a subcommittee of the German 
Committee on Reinforced Concrete was assigned to the task of making 
investigations. Their work was interrupted by the war. 

In this country previous to 1921, if there had been any suspicion of 
destructive effect on concrete tile due to weak soil acids, no report had 
been made of any investigations induced by such a suspicion. Wig, 
Williams and Finn {ij) in 1917, while investigating the effect of alkali 
on tile, noted a disintegration that took place on one of their tile lines 
at Columbia, Mo., where tile were laid in supposedly neutral soil as a 
control against the disintegration of similar tile laid in alkaline soil. 
They say in their report: 

An exceptional condition has arisen at this project, presumably caused by some 
local action, m that the tile of series 1 to 16, excepting series 5 (tar coated), showed 
evidences of disintegration on the lower outer surface, indicated by the apparent 
dissolving away of cement leaving the sand grains coated with a brown stain. 

The tile at Columbia were laid in mineral soil overlaid by 12 to 15 
indies of black soil. 

Williams (19) in 1922, reports on the same tile that in all cases except 
those which had been in the ground only one and two years, and those 
which were tar coated, the tile were stained and pitted. 

Alway (i) in 1922, refers to the work of Tacke at some length. He 
questions the probabilities that the breaking down of the concrete tile 
is due to the action of organic acids or that concrete tile break down in 
peats containing a high percentage of lime. He says : 

Humic acids are not carried in the bog water of high lime peats. These acids are 
more or less soluble in pure water and in weak mineral acids, as phosphoric and boric, 
but insoluble in hydrochloric and sulphuric acids. With soluble compounds of 
calcium, ma^esium, iron and aluminum, they form insoluble compounds, so called 
humates which arc insoluble in water as well as in moderately concentrated alkali 
solutions. 

Soluble sulphates, particularly those caused by the breaking down of 
iron pyrite (a common condition in acid peat bogs) seem to him to be 
the most probable cause of disintegration, but he also includes hydrogen 
sulphid and alkali waters. 

Stewart (12), collaborating with Doctor Alway, and writing in the same 
publication, makes a direct statement along the lines suggested by Doctor 
Alway 's paper. 
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In February, 1921, the writer (4) offered the theory that concrete tile 
were liable to disintegration in any soil carrying a high percentage of 
organic matter. This was followed in July of the same year by a further 
statement (5) to the same effect. 

In addition to the authorities quoted, numerous observers in the last 
two years have reported a breaking down of concrete tile lines in soils 
high in organic matter. None of the authorities quoted, however, either 
in this country or Europe, have followed up their observations with 
exhaustive research which they have later reported. Nor have any of 
them considered it probable that concrete tile would break down in soils 
carrying a high percentage of lime. Consequently in the work covered 
by these investigations, this point has been especially recognized and 
covered. 

UNIVERSITY MARSH 

A tract of no acres of peat marsh is located on the experimental farm 
of the University of Wisconsin. For the past 10 years this land has 
been used for experimental purposes in drainage. This area, which at 
one time was a swampy bay of Lake Mendota, is generally known as 
University Marsh. Most of its surface is a little above the lake and the 
soil consists of fibrous peat 2 to 6 feet deep, underlain by sand and clay. 
In the deeper parts of the marsh there is a bed of marl between the peat 
and the mineral soil below. The marl bed varies considerably in thickness 
up to a maximum of about 18 inches, and around its margin frequently 
blends with, and is interlaid by sand. Since diking, various types of 
drainage have been worked out, improvements and changes being made 
as their value was demonstrated. 

On the higher side of the marsh are a number of high morainal hills 
from which the surface water of about 400 acres drains down. Heavy 
seepage also works into it from below, expecially in the sandy portion. 
This is sufficient if the stream is concentrated into a pipe to lift the water 
2 yi feet above the marsh surface. 

From the be^nning, this experimental work on the marsh has been un- 
der the direction of E. R. Jones, professor of agricultural engineering at 
the University of Wisconsin and State drainage engineer. During the 
fall of 1919, and the season 1920, the work was under the direct charge 
of the writer, whose principal function was a determination and compila- 
tion of data on the physical change in The marsh brought about by the 
various stages of drainage and cultivation. 

Part of the work consisted of an examination of the tile lines themselves. 
This was done by groups, taking as a group a series of tile having a 
common outlet and laid at the same time and under similar conditions. 
On each group several pits were dug for the purpose of examination. If 
no unusual conditions were disclosed, it was assumed that none had 
developed. If, however, any unusual coxldition were disclosed, more pits 
were dug for the purpose of determining whether or not the unusual 
conditions were inherent in the group. 

DISINTEGRATED TILE 

Seven lines of tile, two of which were concrete, were laid by students 
in May and June, 1914. Lines 5 and 7 were of concrete. In December, 
1919, on opening these two lines, the tile were found to show signs of 
failure. 
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More pits w^e opened, and it was discovered that the entire lines 
were badly disintegrated, decay being greatest at the upper end and 
f^thest away from the pump house. It was at first thought that the 
tile might have broken down, owing to bad workmanship, but this was 
disproved when it was found that at the extreme upper end of the tile 
lines, where rotted muck had flowed in and partially filled the tile, the 
tile had been protected, and had not decayed. It still bore the marks 
made by the mold , and , upon breaking, the interior of the tile wall appeared 
to be in perfect condition. The surface of the tile, both inside and outside, 
was rough, due to the grains of sand and gravel falling away. Inside the 
disintegrating layer, ^e tile was discolored for about of an inch, 
but appeared to be dense, while a tliin layer in the center of the 
wall was unaltered. This last fact shows that the tile had not broken 
down due to the passage of waters through the walls, but to solvent 
action upon the walls themselves. Disintegration was greatest on the 
outside of the tile and at the ends and much greater on the top than on 
the bottom. Disintegration on the inside of the tile was greater at the 
top than on the bottom, and was not greater at the water line, except 
at the joints, where it met heavy disintegration from the outside. 

Since the tile showed signs of good workmanship, it was assumed that 
the disintegration must have been due to the solvent action qf some 
substance present in the soil. 

Coirespondence was begun and the literature searched to secure 
information which would throw some light on the reason for the dis- 
integration. The most probable solution of the difficulty was first pre- 
sented by Prof. H. B. Roe, of the University of Minnesota, who cited the 
destruction of concrete tile in his State by the action of sulphate salts. 
This possibility was further investigated and talked over with chemists. 
The conclusion tentatively arrived at was that th‘e disintegration was 
caused by sulphates produced by the decomposition of proteins in tlie 
peat. This solution seemed satisfactory. 

Work on the marsh was discontinued at this point because of cold 
weather. The compilation of data could not go ahead until more field 
work was done and opportunity was taken to test out the assumed 
presence of sulphates in the marsh and their effect on new tile. 

PART II. PRELIMINARY STUDIES 
I^ABORATORY INVESTIGATIONS 

With the advice and assistance of Prof. E. Truog and E J. Graul of the 
Soils Department, laboratory studies were made, beginning in February, 
1920. A cement tile company furnished new, uncontaminated tile for 
the tests. These tile were machine made, very dense, steam cured, and 
three months old at the time of the tests. 

MARSH WATERS 

No sulphur in the form of sulphates could be detected in water from the 
marsh by the addition of barium chlorid to a hot solution slightly acid 
with hydrochloric acid. The assumption that the disintegration was due 
to the presence of sulphate salts was therefore unfounded, and the whole 
cause of the destruction still remained obscure. 

The next step was to find actually what was in the marsh waters and if 
those marsh waters would dissolve the tile. Iron and aluminum were 
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thrown down in considerable quantity by ammonia. I^ime magnesia 
was also thrown down by ammonium carbonate. 

Lime in the water was determined by tlie following method : To loo cc. 
of the water a few drops of HCl were added to dissolve anything which 
might be held in suspension, and then 5 gm. of ammonium chlorid. 
Ammonium hydroxid was added in sufficient quantity to make the solu- 
tion strongly alkaline and acetic acid to make the solution just slightly 
acid. After boiling, the iron, aluminum, and phosphorus were filtered off 
and the precipitate carefully washed. To the boiling filtrate and wash- 
ings, 10 cc. of 10 per cent solution of ammonium oxalate were added, then 
dilute ammonia until the solution was slightly alkaline. After digestion 
the solution was allowed to stand over night, then filtered on ash-free 
filter papers and washed with hot water. 

The precipitate on the filter paper was then dissolved with 10 per cent 
solution of sulphuric acid. Next, 2 cc. more of H2SO4 was added, plus 
enough water to bring the volume to 200 cc. The solution was then 
warmed and titrated witli normal solution of potassium pennonga- 
nate. Lime was calculated on the basis of i cc. of solution (.0028 gm. 
of CaO) . The results of these tests are given in Table I. 

TESTS WITH CARBONIC ACID 

Carbonic acid was next suspected as being the solvent. A quantity of 
distilled water was saturated with pure carbonic acid. Weighed frag- 
ments of tile of approximately the same shape and size and from which all 
loose particles were removed were placed in 500 cc. bottles and 475 cc. 
of the various waters added. The l^ottles were then tightly corked, 
placed in a revolving shaker machine and agitated 24 hours intermit- 
tently for 3 days. Duplicate samples of each were run. It was at- 
tempted to determine the solubility of the tile by determining the amount 
of lime originally in the water and in the sample run. It was found that 
lime was actually thrown out of solution from the waters taken from the 
bog and that the carbonated water did not contain nearly as much lime 
as did the distilled water. The results are shown in Table 1. 


T.vble I . — Grams of CaO per liter, in marginal and bog waters in their original condition^ 
as collected in February, and in these and in distilled and carbonated waters of ter agitat- 
ing ^ days with similar pieces of new tile 



1 Original water. 


W’^alers agitated with tile 


Tcit No. 

-- - - 


__ 

- 

— 

— 

1 

Margmal. 

Bog 

Distilled 

Carbonated. 

' Marginal. 

Bog 


Gms 

Gms 

Gms 

Gms 

Gms 

Gms 


0. 0896 

0. 0854 

0. 2156 I 

0. 1120 

0. 0651 

0. 0945 


. 1120 

.0857 

. 2226 

. 0476 

. 0588 

.0756 


. X106 

.0868 

• 1365 

Broken. 

•0525 

•0357 


. 10.56 

.0784 






. 1008 

. 0770 





Average . . . . 1 

1 

• 1033 

. 0S26 

. 1918 

.0798 

. 0588 , 

.0686 


In the agitated waters it will be noted that some of the tests in a series 
show a marked variation from others in the same series. This was 
attributed to the fact that the samples of tile were probably far from 
uniform. 
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Two outstanding facts were indicated. The -first was a greater solu- 
bility of the tile in distilled water than in either the carbonated or bog 
water. The second was that though pieces of tile had been agitated 
for 3 days in water from the margin of the marsh, the quantity of 
lime actually in the water was less than in the beginning. 

This result showed that the original premises were not well founded. 
They were either incorrect or something had been omitted from them. 
Within the power of the test to show it, carbonic acid was not causing 
the destruction of the tile; neither was the marsh water, apparently. 

TESTS FOR ALKAEI 

There appeared to be no explanation for the results given in the Table I 
until it was suggested that perhaps the marsh waters did not actually 
contain free carbonic acid and that the tile, even after a lengthy curing, 
might contain free alkali. To test this, a quantity of tile was powdered 
and to it a small amount of distilled water was added which was immedi- 
ately poured off and filtered. It gave a powerful reaction with phenol- 
phthalein, showing that the tile was not only alkaline but that a con- 
siderable quantity was soluble in water. A quantity of the powdered 
tile was boiled in distilled water, filtered, and while still hot loo cc. of 
the filtrate measured. This gave 3.582 gm. of residue on evaporation, 
a surprising percentage considering the age of the tile. 

The marginal and bog water was then tested on the assumption that 
tliey contained free organic acids. Methyl orange showed tliat they did 
not. They were then titrated with standard sulphuric acid solution, 
normal strength, using methyl orange as an indicator. The test 
disclosed strong alkaline reactions, showing unneutralized alkalies of 
the strength indicated in Table II. 

Table II . — Showing the amount oj normal acid solution retired to neutralize 
the free alkali in marginal and bog water and tis equivalent in CaO per liter of water 


Equivalents. 

Marsrinal water 

Bog water. 

Cubic centimeters of one -fourteenth normal solution used 
CaO equivalent per liter, gm. ... . 

IS- 30 
• 1530 

14. 80 
. 1480 


The contradictory results obtained were now explained on the basis 
of the precipitation of calcium carbonate formed from the more soluble 
calcium bicarbonate by the free alkali of the tile taking away one-half 
of the carbonate radicle. 

However, this did not make the explanation of the disintegration of 
the tile any clearer; instead, it became still more obscure. 

COMPARISON OF OI^D AND NEW TIEE 

The results of the tests using the new tile being apparently so different 
from what had actually happened in nature, it became necessary to 
compare the old and new tile in order to determine whether or not the 
new tile differed in any material degree from that which originally went 
into the drains. 
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One entire new tile was taken from the marsh, wiped with a towel, and 
weighed while still wet. It was then dried to constant weight in an 
electric oven at i lo® C. and again weighed. The loss was 1 1 .90 per cent, 
representing the proportion of water contained. 

Similarly two new pieces of new tile were weighed in their xiatural air-dry 
condition, dried in an electric oven at iio^ C., weighed again, boiled for 
two hours in water, and weighed again. The results are tabulated in 
Table III. 


Tabi.]® III. — Percentage of water absorbed by old and new tile 


Samples. 

Weight at 

ijo“C. 

j Water 1 
1 absorbed 

1 in ground. 

Water 
absorbed 
from air. 

Water 
absorbed 
on boiling. 


Per cenL 

Per cent. 

PercetU, 

Per cent. 

Tile from marsh 

100 

II. 90 


... . . . 

New tile, sample (a) . . 

100 


551 

6. 631 

New tile, sample (b) . . . 

100 

1 


I- 545 

7-095 


From this table it will be seen that the tile which was taken from the 
marsh had nearly double the porosity of the new tile. How much this 
porosity was altered during the time it was buried in the ground it is 
impossible to say. From the maker’s statement there is no doubt that 
the tile was less carefully made than that now turned out by the same 
manufacturer. An absorption of 12 per cent would indicate a good 
average tile at the time these were made, and is about the average of 
material turned out by the less careful manufacturers at the present 
time. 

comparative alkalinity op tile 

The next step was to compare the alkalinity of the old and new tile. 
It would be natural to assume that any free alkali would be very quickly 
neutralized after the tile was placed in the ground. A quantity of the 
old tile and of the new tile were pulverized and 2 gm. taken from each. 
Then 200 cc. of distilled water was added to each sample and phenol- 
phthalein used as an indicator. The solution was titrated by adding at 
successive intervals normal solution of sulphuric acid, extreme care 
being used, particularly toward the end of the operation, not to permit 
the solution to contain any free acid and so expel carbonic acid. The 
operation was carried on over 2 days, titrating about every half hour 
with results as shown in Table IV. 

Table IV. — Amounts of normal acid solution required to neutralize free alkali in 2 

gm. each of old and nnv tilef and percentages of free alkali indicated 


Item. 


Grams of tile used 

Cubic centimeters of -jV H2SO4 solution used . 

Equivalent grams free CaO or equivalent 

Per cent free CaO or equivalent 


Old tile. 

New tile. 

2 . 00 

2. 00 

17. 70 

40. 50 

• 0354 

. 0810 

1.770 

4 * 050 
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The results given in the preceding table are very remarkable. Not only 
did the new tile after a presumably thorough curing still contain 4 per 
cent of free alkali, but the old tile after 5 years in the ground, during 
which time it was partially destroyed, still contained nearly half as 
much. The importance of the fact indicated can hardly be overesti- 
mated. It will be discussed later. 

SOLUTION IN HCl 

New tile in concentrated HCl was then tested. Strong evolution of 
bubbles showed the presence of a considerable percentage of carbonate. 
The dried filtrate was i^ited and treated again with acid. The exact 
percentage of solubility is shown by Table V. 

Table V. — Percentage oj new tile soluble in concentrated HCl 


Constituent. j Percentaees. 


Insoluble silica I 47. 42 

Totiil soluble ... • i 52 58 

Soluble silica . . ! ' 3. 40 

Total solubles other than silica l * 49 18 


ultimate solubility in organic acids 

In order to ascertain the percentage of the tile which might be ulti- 
mately soluble in organic acids and to establish a relation between it and 
the aggregate used, an acid of low hydrogen-ion concentration was 
chosen, namely, quarter strength acetic, and samples of the old and the 
new tile and the aggregate from which the tile were made were treated 
with it. The acid used was supposed at the time to be full strength, but 
was later found to be about 85 per cent. From each sample previously 
dried in the electric oven, 5 gm. was taken and boiled for 10 minutes 
in the dilute acid and the residue weighed after drying in the electric oven 
at no® C. The results are given in Table VI. 

Table VI. — Percentages of old tile, new tile, and aggregate soluble in 21 per cent strength 

acetic acid 


Item. 

Old tile. 

New tile 

AgStegate. 

Grams taken 

5. 00 

5. 00 

5. 00 

Residue 

3-3090 

3. 2777 

3 - 5152 

Loss 

I. 6910 

1. 7223 

I. 4848 

Per cent soluble 

33 - 8 * 

34.45 

29. 69 
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ANAI^YSIS OF aggregate 


A screen analysis of the sand and gravel aggregate used in the manu- 
facture of the tile gave: 


Grade : 

Coarser than 10 mesh 
10 to 20 mesh. . . . 

20 to 40 mesh ... 

40 to 60 mesh 

60 to 80 mesh 

80 to 100 mesh ... . 
100 mesh 


Per Cent of Total. 

46. 6 

13-4 

18 2 

.... 12. 2 

4> ^ 
16 

. . . . 2.4 


. OQ- 2 

Tomlinson® has calculated the mineralogic proportions in Waukesha 
sand by relative density and miscroscopic count, proportions of car- 
bonates and of quartz in different sizes of Waukesha sand, as follows: 


Group : 

Coarser than 10 mesh 
10 to 20 mesh . . . . 

20 to 40 mesh . . 

40 to TOO mesh 


Carbonates. 

72. I 
. . 72 I 

55 7 
36 9 


Quartz. 

5 

7 o 
35 4 


58 I 


Proportion of Mineral groups in Waukesha sand 

Group: p«cei.t. 

Igneous rock ... . o. 42 

Shale group . . ... 

Quartz group. . ... . 32- 31 

Dolomite group 65.37 

Feldspar .... 

Heavy minerals .83 

Not sorted i. 07 


100. 00 

TESTS OF CEMENT 

Both the old and the new tile had been made with a slag Portland 
cement of average chemical composition. This cement was also treated 
with acetic acid to ascertain its solubility. It showed a trace of carbonic 
acid bubbles. 

A quantity of the cement was mixed into a thick paste with water, 
thoroughly worked and rolled into balls by hand, then flattened on glass, 
made into patties and allowed to set one day under a moist cloth. At 
the end of that time, the patties had set firmly and showed no signs of 
malformation, swelling, or shrinkage cracks. Boiled one hour in water, 
they showed no signs of failure. 

Some of the patties were allowed to set three days in water and at the 
end of that time appeared to be in perfect condition. They were then 
powdered, and 2 gm. dried at no C®., were treated with 21 per cent 
strength acetic acid. Other patties, made in a similar way at Minnesota, 
were allowed to set in water for three months, and then five months 
in air at a temperature averaging 75® F. 'fhese were powdered and 
treated like the others. The first test showed no evolution of bubbles, 
but the second gave bubbles in considerable amount, showing that the 
cement had carbonated during the eight months set. The result of the 
two tests are tabulated in Table VII. 


* Tomlinson. C. W. unpubushsd thgsis. Univ. of Wis.,CoL of Engin., 1915, 
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Table VII . — Solubility of cement set 4 days and 8 months in acetic acid of 21 per cent 

strength 


Item 


Weight of sample (gm.) 

Weight of residue (gm.) 

Percentiige of solubility 


4 -day set 


8-month 

set 



I 

2 



2 

o. 4290 
o, 4665 

■8.55 


• 6 . 68 


The two tests show an average increase in solubility of 5.50 per cent. 
If this is to be explained on the basis of calcium hydroxid becoming 
carbonated during the eight months it would indicate a pioportion of 
unneutralized lime in the freshly set cement equal to 25.8 per cent. 

ANALYSIS OP CEMENT 

A cement company very kindly furnished the following analysis of 
their cement and a report of physical tests. 


Chemical analysis of cement, average of daily analyses, March, igzo 

Silica (SiOa) . . 

Oxid of Iron (Fe^Oj) . . . 

Alumina {PAfOS 
Lime (CaO) 

Magnesia (MgO) ... 

Sulphuric Acid (SO3) 

Loss on Ignition .... 


Ter cent. 


22. 04 


3 30 
5 70 
62 64 


3 73 

I 23 
•50 


Physical tests of the same cement, average for February, tq30 


Fineness. 

Passing 200-niesh sieve . . 81 per cent. 

Setting time • 

Initial set. ... 2 hrs. 4^ min. 

Final set -5 hrs. min. 

Tensile strength : 

I part cement to 3 parts standard Ottawa sand — 

3 days (i day in moist air and 2 days in water) 239 lbs 

7 days (i day in moist air and 6 days in water) 322 lbs 

28 days (i day in moist air and 27 days in water) 420 lbs 


results of PRELIMINARY STUDIES 


Up to this point the work done may be considered as preliminary 
studies, though that was not the intention when some of the tests were 
begun. The principal points brought out may be enumerated as follows : 

(1) The alkalinity of the marginal and bog waters in February. 

(2) The powerful alkalinity of the tile even after 5 years in the drain. 

(3) The similarity of the old and new tile except in the matter of density. 

(4) The solubility of the thoroughly matured tile in weak organic acid. 

(5) The absorption of COj during long a period of curing. 
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Analyses of American Portland Cements ijrom Portland Cement**) 


Made from— 

Where made. 

SiOa. 

FetCh. 

AlaOt. 

CaO. 

MgO. 

KtO. 

NaiO. 

SOa 

Loss. 

Cement rock and 

Nazareth, Pa 

>9.93 

a. 38 

7. S3 

63.48 

3.19 

0. S3 

a66 

I. St 

X. 46 

limestone. 

. ...do 

31. 14 

a. 30 

6.94 

63.34 

3. 86 

.36 

• SI 

I. Z3 

1.34 


Bath, Pa 

Alpha, N.J 

19.64 

3 80 

7. s* 

63.31 

3.04 

n. d. 

1. 60 

1.48 


31. Sa 

3.51 

8.03 

6a. Z9 

3. 7X 

n. d. 

Z.03 

X.OS 


Northampton, Pa . . 

31. 94 

2 37 

6.87 

6a 35 

3.78 

.61 1 .87 

I. 38 

3. 55 


Coplay, Pa 

33 36 

3. to 

5. 36 

63. 33 

3. 81 

n. d. 

.89 

X. 34 


Qmrod, Pa 

33. 30 

3. 37 

6.69 

63. 6z 

3.00 

.3a 

.61 

1.3a 

X. 56 


Martins Creek, Pa .... 

30. 33 

3.50 

7. 13 

63.94 

3.38 

n. d. 

1.45 

1.35 


Reading. Pa 

34. 16 

1. 4S 

S 10 

68.9s 

3. 13 

. 31 

• so 

X 35 

1.40 

Limestone and 

Ban City, Mich . . . 

30 72 

3. 8s 

7 17 

63. 64 

1. 97 * 

.48 

13 

I. 43 

3 58 

clay or shale. 

Wellestone, Ohio 

31 . 84 

5 05 

6 77 

68.66 

.80 

n.d. 

1. 84 



Chanute, Kans 

30 74 

3. 73 

7.06 

63. 76 

I. 78 

• 41 

‘33 

I. 18 

1. 40 


Ada, Okla 

13 38 

3 30 

6. 36 

59.66 

3 11 

.80 

.35 

I 40 

3. 83 


♦Stroh, Ind.^ 

31 78 

a 6s 

7.31 

6a 3 S 

3.88 

0 47 

1. 78 

.78 


♦Glens Falls, N. Y ... 

31 50 

10. 50 

63-50 

I. 80 



X.5O 

n. d. 


Alscn, N. Y 

33.94 

3 30 

S 6a 

63.33 

X. 77 

< n. 

d. 

.90 

1 68 


Fordwick, Va 

31 31 

3.81 

6.54 

63, ox 

2. 7X 

n. d. 

I. 43 

8. 01 


Davenport, Calif . 

*s. 38 

I. 30 

3. 34 

63.96 

X. 30 

n. d. 

.35 

4. 58 


Cement, Calif . ... 

23 34 

3 30 

7.00 

60 73 

' 1. 30 

n. 

d. 

I. OS 

3 54 


♦Baker, Wash- . 

34.63 

8.S6 

63.88 

1. 60 

n. d. 

1. 33 

n. d. 


St. Louis, Mo 

33.13 

3 40 

6.18 

63 47 

.88 

n. 

d. 

1.34 

1 81 


Demopohs, Ala . . 

19.36 

4. 10 

9. 18 

63 30 

1. 16 

n. 

d 

X. 18 

I 13 


♦Portland, Colo 

31.88 

2.8s 

7 14 

64.94 

Trace. 

I. 

18 

. 73 

1 08 

Marl and clay 

♦Middlebranch, Ohio 

31.34 

4 14 

7.8s 

63 33 1 

.38 


68 

1 11 

1 33 * 


♦Cold water, Mich 

31 . 33 

3.83 

7 51 

63. 75 ‘ 

.83 

n. 

d. 

I. 58 

1 03 


Sandusky, Ohio 

31 93 

3. 35 

5.99 

63 93 1 

1 10 

.63 

.37 

1.55 

3 , 93 


♦Broni>on, Mich . . . 

23.00 

3.60 

6 80 

63.90 1 

. 70 

I. 

10 

.40 

j 60 


♦Harper, Ohio 

31 30 

3 00 

6 9 S 

63.50 

1 30 

n. d. 

.98 

4 63 


♦Warners, N. Y . 

33 04 

3 41 

6 4 S 

6a 93 1 

3 S 3 

n 

d. 

I. 25 


Limestone and 

Chicago, III .... 

33 41 

a 51 

8 13 

63.01 1 

X.68 

n. 

d 

1.40 

I ci 

blast furnace 
slag. 

do 

33. 06 

3.88 

8 16 

63 10 

1 

I 88 

.36 

S8 

1 57 

'* 


1‘cr 
cent. 
22. o 
7-5 
2-5 
62. 5 
2-5 
1-5 


> Analyses made by Richard K. Meade, with the exception ol those designated *. 

The average is represented by the following’ 

Silica, . . . . ... 

Alumina. ... 

Iron oxid* . . ..... 

Lime . , . ... 

Magnesia . . 

Sulphur trioxid . . ... 

PART III. DEFINITE RESULTS 

In the preliminary work where tests were made with tile, the propor- 
tion of tile to water was far in excess of the proportion between the tile 
in a marsh, and the marsh itself was always sufficiently high to 
make the combined solution strongly alkaline. In all later work the 
aim was to reverse the proportions so as to make the influence of the 
marsh predominate. The marsh water, too, taken in the month of Feb- 
ruary, was alkaline. It became necessary to determine if the water in 
the marsh remained alkaline under the influence of warmth and if the 
tile were acted upon by a large excess of solutions produced under warm 
conditions. 

TEST WITH SURPLUS OF BOG WATER 

The results of the tests with a comparatively large piece of tile in a 
small quantity of water being unsatisfactory, due to the excessive alka- 
linity of the tile, another scheme w’as devised which was intended to 
subject tile to a large quantity of water. In order to increase the 
rapidity of action, the surface of the tile was increased as much as possi- 
ble by powdering the tile. From this powdered material 50 gm. 
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was placed in a i-inch glass tube, 10 inches long, stoppered at each end, 
a glass tube giving ingress and egress at bottom and top. The inlet tube 
at the bottom was curved downward on the inner end to prevent the 
tile grains from escaping downward through the tube. Peat taken from a 
depth of 5 feet in the same pit from which the bog water was taken was 
mixed with distilled water in a 2-gallon glazed earthen jar having an 
orifice near the bottom. A glass tube led through this orifice and con- 
nected on the inside with a long inverted “ U " on the bottom of which 
was a glass funnel covered with muslin as a filter. The tube through 
the orifice connected on the outside with a filter made of a i-inch stop- 
pered glass tube in which was asbestos pulp packed above glass wool. 
The object of the filter was to prevent the escape of any trace of solid 
matter into the powdered tile. At the upper end, the tube containing 
the powdered tile connected with a glass tube which led downward into 
another weighed filter made of a porcelain “gooch" in which >8-inch 
of shredded asbestos had been packed. A pump was connected on 
below the “gooch ” to draw the water through the system from the mix- 
ture of peat and water in the earthen jar. The last filter was carefully 
weighed after drying it in an electric oven at a temperature of 110° C. 
In action the pump sucked the water from the jar tlirough the first 
filter, through the powdered tile, and through the second filter, which 
caught all fine sediments carried upward by the descending current. It 
was the intention to weigh the filter and the contents of the tube to ascer- 
tain the percentage of loss in weight, if any. 

setting of powdered tide 

The experiment as outlined was a failure, but several most interesting 
facts were discovered. At the end of the first day the apparatus began 
to work badly and more force had to be put on the pump to draw the 
water through. At the end of two days, the apparatus refused to work 
at all. It was taken apart and in the “gooch*’ was found a considerable 
thickness of brown semigelatinous rubbery mass completely clogging it. 
Where the water from the peat had passed upward through the powdered 
tile, that also had been stained brown. The “gooch” was disconnected 
and the water from the tile was led downward through a long tube acting 
as a siphon into a large glass container. At the end of another 24 hours 
the flow had entirely stopped and the powdered tile had “set” firmly. 

A sample of powdered tile was moistened with winter and allowed to 
stand overnight, and found to be set firmly in the morning. The same 
was done with the old tile, powdered, with like result, though the set 
was not so strong. This was repeated with both tile, using a large excess 
of carbonated water, the powdered tile being shaken up in the water. 
Both, on settling, set much more strongly than before. 

lO-DAY PEAT CULTURES 

To overcome this difficulty of the powdered tile “setting” another 
scheme was devised. Peat from the top of the University Marsh, which 
gave a slightly acid reaction, peat from the pit, which was alkaline, and 
peat from north central Wisconsin, which was strongly acid, were placed 
in glazed earthem jars and distilled water added. The jars were then 
allowed to stand 10 days in a warm room and the water tested for acidity. 
All were add, and in the following proportions when titrated with ^ 
normal hydroxid solution, using phenolphthalein as an indicator. 
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Table VIII. — Showing amount of ^ normal alkaline solution required to neutralize 
acidity of TOO cc. water from lo-day cultures of surface and deep peat from University 
Marsh, and northern actd peat; also its equivalent in grams of free lime per liter 


Water sample 
(lo-day culture). 

normal 

^ution 

used. 

Equivalent 
per liter 
toCaO. 


cc. 

Gm. 

Surface peat (a) 

O-SS 1 

0. Olio 

Do^) 

. 60 1 

. 0120 

5-inch peat (a) 

•45 

. 0090 


Do (b) 

• 50 

. OlOO 

Northern acid peat (a) . . .... 

6. 75 

' • I.3SO 

Do (b) 

6.80 

. 1360 


TESTS WITH IO~DAY CULTURES 


Duplicate bottles were prepared containing 2 gm. each of new tile 
and to each was added 400 cc. of distilled water. The same was done 
with carbonated water, marginal water, bog water, surface, deep peat, 
and northern peat culture. These were immediately tightly stoppered, 
placed in a shaker machine, and agitated continuously 54 hours. 

It will be noted that only the northern peat water was in sufficient 
quantity to neutralize the free alkali in the 2 gm. of tile. This was 
further indicated by the rate of settling of the solids held in suspension. 
While all the other bottles, even the carbonated water, settled over- 
night, the acid peat water was still turbid after 3 days and showed 
distinct layers of colloidial material slowly settling in the liquid above 
the sediment in the bottom. 

Hall ( 6 ) has shown that the alkali earth, particularly the carbonates, 
have a strong flocculating action assisting in the deposition of sediments. 
The results just obtained indicate that the products of organic decay have 
an even more powerful effect in retaining them in suspension. 


Table IX. — Residue l^ft after treating 2 gm of tile with 400 cc. of water as in Tables I 
and VIII {agitated 54 hours and settled 14 hours) 


400 cc. of — 


Distilled water (a) 

Do (b) 

Carbonated water (a) 

Do(b) 

Winter waters: 

Marginal water (a) 

Do(b) 

Bog water (a). . 

Do(b) 

10-day cultures- 

Surface peat (a) 

Do(b) 

Peat 5 feet deep (a) . . 

Do(b) 

Northern peat ^ (a) 

Do (b) 


Weight of 
tile used. 

Weight of 
residue. 

Gm. 

Gm. 

2 

I. 8796 

2 

I- 8532 

2 

1. 8983 

2 

1. 8727 

2 

2. 0270 

2 

2. 002 

2 

2. 0100 

2 

2. 0119 

2 

2. 0965 

2 

2. 0960 

2 

2. 0090 

2 

1. 8948 

2 

2. 2007 

2 

2. 0885 


Soluble. 

Increase. 

Per cent. 

Per cent. 

6. 02 


7-34 


5. 08 


6. 36 



1-35 


. 01 


• 50 


• 559 


4. 82 


4. 80 


•45 

5. 26 



1 xo, 03 


4. 12 


^ The duplicates of the fast two pairs showed distinct differences in the color of their filtrates: the darker 
filtrate passing through much more rapidly, possibly due to a thinner filter, and carrying colloidal materi^ 
with it. 
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SOI^UBII^ITY OF XlIyE IN DECARBONATED PEAT WATER 

Next, 400 cc. of the most acid peat water was taken, from which all 
carbonic acid had been removed by drawing through it air passed through 
sodium hydroxid, and 2 gm. of powdered tile were added. The solution 
was then agitated in the shaker machine, the residue filtered out on a 
dried, weighed, ashless filter, dried in an electric oven to constant dry- 
ness, weighed, and then residue and filter agitated for 14 hours in 400 cc. 
of carbonated water. 


Table X. — Results of agitating 2 gm. of tile with acid peat water and treating the residue 
with carbonic acid water ^ 


Item. 


Weight after 
treatin£ with 
acid peat 
water 


Weiglit of 
residue treated 
with carbon- 
ated water. 


Original sample .... . (gni.) | 2.0000 

Residue (gm.) | 2 1288 

Per cent increase .... • 6. 44 

Per cent decrease from sample treated with peat water . | . 

Per cent decrease from original . ■ 


2. 1288 
1 9129 

10 14 
4.25 


' The filtering of the solution of tile with peat water was carried on with considerable difljculty, owing to 
the colloidal nature of the products, yet the solution showed only a slight turbidity. 


INCREASING ACIDITY OF ROTTING PEAT 

In order to ascertain whether the process of decay increased the per- 
centage of acid in solution or not, the acidity of the water on the peat 
cultures was tested after 20 days and compared witli the lo-day culture. 
Conditions in the northern peat culture had been altered by the addition 
of more water, so that was excluded from the calculations. 

A titration of 100 cc. of the water witli normal solution of sodium 
hydroxid was made, using phenolphthalcin as an indicator. 


Table XI — Amount of normal alkaline solution required to neutralize the acidity 

of 100 cc. of water from 20 -day cultures of surface peat and deep peat from Umvenity 
Marsh and the equivalent in grams of free lime per liter 

Sample taken. 

Amount 
of A 
solution 
used. 

Equivalent 
to CaO per 
liter. 


iC 

Gm. 

Surface peat (a) 

2- 9.*; 

0. 0590 

Do (b) 

3- i-S 

0 0630 

5 feet peat (a) 

3- 50 

0. 0700 

Do(b) 

' 3 30 

! 0. 0660 
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Table -Summary of Tables X and XI ^ showing acidity of JO-day cultures equiva- 
lent to grams of free lime per liter of water 


Sample tftkeii. 

Original state. 

CaO equivalent. 

Surface peat (a) . . . . 

Faintly acid 

lo-day 

euUute. 

0. 01 10 

eo-day 

euUure. 

0. 0590 

Do(b) 

Peat 5 feet deep (a)'. . 

... do 

Alkaline .... 

. 0120 
. 0090 

.0630 
. 0700 

Do (b) 

.... do 

. 0100 

. 0660 

Northern peat (a) . 

Acid 

• 1350 

Do (b) 1 

do 

. 1360 



During the late winter of 1922, with the assistance of Mr. R. C. Reck, 
chemist of the drainage laboratory, University Farm, St. Paul, a series 
of determinations were run, using peat solutions derived from Coon Creek 
peat, which was alkaline. Distilled water was put on a quantity of the 
deeper peat from the Coon Creek experimental tracts. The water was 
tested one-half hour after being put on the peat, again at 10 days, and 
again after 30 days, the 30-day test water being free from carbonic acid. 
The results of the tests, in which methyl orange was used as an indicator, 
are given in Table XIII. 

Table XIII . — Determinations of relative alkalinity or acidity of water from Coon Creek 

peat at different ages 


1st day... 

Do. . . 
loth day . . 

Do. . . 
30th day. 
Do 


Age of test water. 

Test No. 

Amount 

taken. 

N . . 
solutum 

30 

used. 

CaO 

equivalent 
per liter. 



cc. 

Gtn, 

Gm. 

• 

1 

25 

0. 52 

0. 0292 


1 2 

50 

I. 04 

. 0292 


1 

Neut. 



2 

Neut. 




Z 

25 

.40 

. 0224 

* 

2 

25 

1 

•35 

. 0196 


In order to ascertain if any effect were produced on the concrete tile 
by a weak solution of organic acid free from carbonic acid alternating 
with carbonic acid, 2 liters of the peat solution were taken and air 
passed through for 24 hours. The air was first drawn through moist 
sodium hydroxid to eliminate COj. The water was then tested for acid, 
with results given in Table XIII. Two flasks were then taken and 400 
cc. of the peat water placed in each. One gram of oven-dry, powdered 
tile was then added to each bottle. The bottles were then corked and 
agitated for 48 hours. The solutions were then filtered on weighed 
ashless filters and the residues dried and weighed. The residues, which 
were not removed from the filter, were replaced in the flasks and to each 
was added 400 cc. of distilled water containing pure carbonic acid. 
This carbonic acid water was tested and found to be 0.0x6 normal strength. 
The solutions were then agitated for 24 hours and the residue dried and 
weighed. The residue was then treated again with peat water and 
carbonic acid water, agitating 24 hours. The results are tabulated in 
Table XIV. 
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Tabi^b XIV . — Effect on concrete by treating repeatedly with weak peat water and with 

COy water 


Item. 


Original weight (gm ) 

Residue after treatment with 400 c. c of peat water (gm ) . . 

Residue after treatment with 400 c. c. of COo water o 016 normal 

strength (gm.) 

Residue after second treatment with peat water (gm.) 

Residue after second treatment with COj water (gm ) 

Total net loss (gm.) 

Total net loss (per cent) 


Sample i. 

Sample a. 

1. 0000 

I. 0000 

. 9684 

I. 0464 

.8367 

. 9120 

1 • 7879 

.9167 

1 • 7843 

8890 

1 .2157 

. IIIO 

1 21 5700 

11. 1000 


These experiments gave the first really constructive information. 
They showed that tlie powdered tile was powerfully acted upon by the 
peat waters, the amount of action depending upon the acidity of the 
peat water. In this action a semigelatinous mass was precipitated out 
of tlie solution, increasing the weight of the total solids. On treating 
with carbonic acid water, this gelatinous mass was removed and about 
as much tile dissolved as would have been the case had the tile not 
been previously treated with peat water. 


ACTION ON NEAT CEMENT 

In order to ascertain if the decaying peat had any action on “neat” 
cement a small quantity of the same cement as used in Table VII was 
mixed with water to make a stiff mortar. With this mortar small 
patties were made by first rolling the mortar into a ball by hand and 
working it thoroughly together. These balls were then flattened on 
glass into patties which were 2 inches across, one-half inch thick in the 
middle, and tapering to a thin edge. The upper surface was troweled 
with a spatula until the “laitance” was brought to the siurface. The 
patties were then allowed to set in warm water for a week. 

After removal from the glass the patties were placed in a jar of peat 
and kept moist for three months in a warm place. At the end of that 
time the patties were broken and the fracture examined. It was found 
that on the lower side where the cement had been against the glass the 
peat solution had penetrated to about three thirty-seconds of an inch 
and the surface could be easily scratched with a knife. On the upper 
side, however, which had been packed by hand and then troweled, there 
was no sign of any acid penetration, and the surface was very hard and 
dense. 

There was no experimental work done to determine whether the 
resistant quality of the cement was due to the greater density of the 
mass, to the bringing to the surface of the “laitance,” or to some other 
cause not indicated. 

results 

In addition to the five principal points brought out in the preliminary 
studies, five additional ones are indicated in the later work. They are: 

(6) The setting of the partially decomposed tile on grinding and 
moistening. 

(7) The gelatinous compounds of organic matter and concrete. 

39363—23 4 
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(8) The solubility of this compound in carbonic acid. 

(9) The action of the organic compounds on neat cement. 

(10) The increase in quantity of acids as decomposition proceeds. 

PART IV. FIELD WORK 

Before drawing a definite conclusion from the results of these labora> 
tory investigations it was decided to make most careful field observa- 
tions to ascertain if the laboratory findings were borne out by actual 
conditions. These observations have covert two years and during that 
time the subject has attracted considerable public attention. Reports 
have come in, notably from the muck lands of the South, which con- 
siderably broaden the scope of the investigations. 

REPRESENTATIVE EOCAUTIES 

'The field work was planned so that it should cover the greatest pos- 
sible range of soil conditions. No attempt was made to get mere num- 
bers of observations. On the other hand, an attempt was made to 
investigate the peats overlying dissimilar geological formations, first in 
Wisconsin and later in Minnesota. 

LIMESTONE SOIL 

In Wisconsin, eastern Dane County was taken as typical of the glaciated 
limestone country. This includes University Marsh, where the peat was 
underlain by marl. This has been described earlier in this paper. Dur- 
ing 1920 a considerable amount of the tile in the eastern part of the 
marsh was relaid at a greater depth. Among these were alternate 
lines of Group VII. They included the lines opened up in 1919 from 
which the samples were taken. It was found that about half the tile 
were either collapsed or were not fit to be put back in the ground. This 
is well illustrated in Plate 3, A. This rapid final collapse, after disin- 
tegration was once well under w’ay, later proved to be characteristic. 

A large marsh of the alkaline type south of Madison, Wis., was also 
investigated. It lay in the bottom of a stream valley and in its natural 
condition would be subject to more or less periodic overflow and seepage 
and wash would be heavy. Water would either be standing or running 
in the tile the greater part of the time. A portion of this marsh was 
drained in 1914. The tile were examined in the spring of 1920. A 
pile of unused tile showed that the quality was not of the highest, as 
judged by present standards, but was a very good average at the time 
it was made. On opening up the tile lines an interesting condition was 
disclosed. At the outlet of the lines fresh drainage water did not enter 
the tiles in large quantities but found its outlet into the main ditch. 
The inside of the tile was covered with sediment and the concrete thereby 
protected. Under these conditions there was little disintegration. 
Farther up the lines, where water either stood or ran a larger part of the 
season, the cement of the tile had almost completely disappeared. On 
account of tlieir fragility, there was considerable difficulty in taking 
out samples. The tile apparently retained their perfect shape and were 
functioning quite properly as long as they were not disturbed. The 
act of digging, however, caused their complete collapse. At the upper 



Muy *3, 1933 Effect of Decomposition on Concrete Tile 489 


end of the line, where the low^er part of the tile was entirely protected by 
soft mineral soil, little disintegration had taken place, but the upper 
part was badly pitted where peat had lain against it (PI. 2, A). 

RECENT UME DRIFT 

Walworth and Ozaukee Counties were taken as representative of the 
heavy limestone drift area of recent formation and rich in lime. The 
peat swamps in this area are very narrow, have been subject to heavy 
wash, and are high in mineral matter. The soils are comparatively 
tight clays and loams and seepage is negligible. Consequently, the 
ground water in summer descends below the tile lines and, except for 
short intervals, usually remains there throughout the growing season 
(PI. 2, B). Tile No. 2 came from near the mouth of a short drain where 
it was not subjected to standing water. No. 3, however, came from 
opposite the mouth of a low draw where there would be considerable 
seepage from the surrounding highland. The peat areas in this forma- 
tion are comparatively small, and as the rate of disintegration is slow 
it is not expected that it wnll cause serious difficulty. 

ODD RESIDUAL SOILS 

Richland County was taken as representative of the unglaciated area, 
and here it was found that in the acid residual soils the tile broke down 
with comparative rapidity. 

ACID sandy soils 

Wood and Juneau Counties were taken as representative of the sand- 
stone area. These soils are for the most part very strongly acid. In 
this district concrete tile set in peat broke down within a year after 
they were laid. The sew’cr tile shown in Plate 4, B, was laid in clay soil 
high in lime. The outside gave no sign of disintegration but the inside 
was somewhat pitted. This area appeared to be the most destructive 
to concrete of any that were investigated. Throughout this whole sandy 
district the use of concrete in marshes appears to be only a temporary 
expedient. Opportunity was offered to examine the concrete culverts 
on the roads through the cranberry marshes of Wood County. Condi- 
tions here offer the most severe test that could be devised, for the acid 
waters of the cranberry marshes and reservoirs remain against the con- 
crete throughout the season. All of the culverts and bridges examined 
showed signs of disintegration, the destruction having penetrated into 
the solid concrete. Plate 3, B, shows this very strongly. 

GRANITE SOILS 

Waupaca County was considered typical of the granite soils. An 
observation made at Wyanwega was extremely interesting, for the tile 
were laid not in peat, but in sand underlying muck. An area of some 
53 acres was tiled in 1915. In 1917 the tile system began to give trouble. 
In 1918 several breakdowns occurred, owing to the complete collapse of 
the tile at those points. In 1919 there w^ere over 20 breakdowns, one 
of which was about 100 feet long. Strange to say, in spite of its thicker 
wall, the 8-inch outlet main seemed to suffer the most. Plate 4, A, shows 
samples from this system. In no case except No. 4 did the peat come 
in contact with the tile. No. 3 was taken from a tile line on a flat piece 
of high ground. There w^as no peat on this line. 
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MINNESOTA CONDITIONS 

In the late fall of 1920, the writer removed to Minnesota. This 
State does not have drained peat bogs or swamps on the wide range of 
soils that occur in Winconsin. Practically all of the Minnesota peats 
that have been drained are of the “high lime*’ type. A large pro- 
portion of them are in sloughs and depressions of the low ground of the 
northwestern glacial drift whose soil is composed almost entirely of 
ground-up shale and limestone. The peats themselves are built up 
mostly of plants of a high botanical order. 

The low lime peats of Minnesota lie largely to the north and northeast 
overlying the more acid, northeastern drift and the rock outcrops of 
that part of the State. They are derived mostly from the remains of 
plants of a low order, in which the mosses predominate. Low lime 
peats in Minnesota have not yet proved their economic importance. 
Underdrainage of any soils is not far advanced in the northeastern part 
of the State and the farming of peat can be said to have not yet begun. 

GRAND RAPIDS STATION 
LOW LIME PEAT 

Opportunity was offered to investigate only one tract in Minnesota 
where a low lime bog had been drained for a number of years. In fact, 
it is the only one known in the State where concrete tile has been used. 
This was on the State experimental farm at Grand Rapids, Minn. The 
tract was tiled in 1910 under the direction of the State experiment station 
at St. Paul, Minn., Prof. J. T. Stewart being directly in charge of the work. 
The tile lines were laid an average of about to 4 feet deep. Part of 
the area tiled was cultivated experimentally. The rest was left in its 
natural condition. In 1918 the system showed signs that it was not 
functioning properly. Water did not drain away after storms as it 
should. In 1918 almost the entire system was taken up and relaid. 
It was found that about one-fourth of the tile had completely collapsed or 
were not fit to put back in the ground. The design of the system was 
somewhat altered. The 75 per cent of the tile that were in fair condi- 
tion were used a second time and the balance was replaced with clay tile. 

Plate 5, A, B, and C, shows different views of one of the better tile that 
was stock piled and kept for use. Disintegration was not serious on 
the outside at top and bottom, but was considerable on the sides. The 
top inside shows no signs of disintegration, but the bottom inside is very 
badly eaten. 

In June, 1921, the lines were examined. Plate 6, A, shows the speci- 
mens taken. No. i was from the cultivated area on the central line 
which was relaid. The specimen came from 50 feet south of the fence. 
No. 2 was taken from the same line 50 feet north of the fence in unculti- 
vated peat. It is interesting to note the greater disintegration of the 
tile in the raw peat. The peat at the Grand Rapids station is very 
fibrous and was cut out by the tilers in large pieces. When these were 
thrown back into the trench they frequently formed an arch over parts 
of the tile without touching it. The results of this are shown in No. 2, 
Plate 6, A, and the actual conditions in the ground in Plate 5, D. On 
all of the body of the marsh the ground water would drop below the tile 
lines throughout the greater part of the season. No. 3, Plate 6, A, was 
taken from mineral soil in a part of a line that was not relaid. This was 
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a seepage line that ran along the western edge of the bog but, at the 
place where the sample was taken, cut across a point of high ground about 
200 feet wide on which there was no peat. 

Crumbs were broken off by hand from the rotted portion of all of these 
tile, powdered, shaken up with distilled water for one minute and tested 
for free alkali. All gave a violent alkaline reaction. 

The strength and absorption of these tile were tested in the drainage 
laboratory of the Minnesota Experiment Station by D. G. Miller, senior 
drainage engineer of the United States Department of Agriculture, 
and J. A. Wise of the Minnesota Experiment Station. The difference 
in porosity between the decayed tile and that which was not decayed 
is not strongly brought out. The fact is indicated that the tile were of 
high grade for the time they were made. 


Table XV. — Results of physical tests of concreaie Hie in peat (ii years) at Grand Rapids ^ 

Minn. 


Item. 

Ko. I. 

No 2. 

No. 3 

Internal diameter (in ). . 

5 


6 

Weight (Ihs.) . 

8 72 

! 8.81 

12, 02 

Breaking load pounds (per linear ft ) 

Absorption, hone dry and boiling method (per cent) 
Top in mold, lower side in marsh 

8ig 

11 8 

783 

13 6 

• 851 

11 7 

Center piece, upper side in marsh 

Center piece, side in marsh 

Bottom in mold, upper side in marsh 

Bottom in mold, lower side in marsh 

1 

12 0 

“ 3 

13 7 

11 9 

10. 2 

10. 5 


COON creek high eime peat 

Early in 1921 a movement was started to show that concrete tile would 
not disintegrate in peats carrying a high percentage of lime. This claim 
was supported by most eminent authorities and there was no published 
work to contradict it. As the high lime peats include all the peat areas 
of Minnesota that are yet of economic importance and the greater part 
of those of southern Wisconsin, the point raised was paramount. For 
the investigators to be able to limit the destruction of concrete to the 
low-lime peats would be of immense benefit to the States affected, for it 
would reduce the problem to the proportions of an academic study. It 
would, however, necessitate a classification of the peat areas before 
drainage. The results of the observations on high-lime peat are there- 
fore given in some detail. 

A peat area was selected that was assumed to offer ideal conditions 
for the preservation of the tile, i. e., the Coon Creek experimental tract. 
Here a peat area 3 to 6 feet deep is underlain in its deeper portion with 
marl of unknown depth and extent but sounded to a thickness of 1 7 feet. 

The tract was selected by Dr. F. J. Alway, chief of the soils division 
of the Minnesota Agricultural Experiment Station, for experimental work 
in the agricultural utilization of high lime peats and is maintained for that 
purpose. On the south, the tract is bounded by low hills of wind-blown 
sand, derived from the limestone drift of the northwest glaciation. This 
sand extends out underneath the peat some 300 to 400 feet, where it 
drops off quite sharply, marl occupying the depression between the sand 
and the peat above. The part under cultivation extends a little beyond 
the shoulder where the sand drops away, and the outer lines of tile (laterals 
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I and 2 on the map, i to the westward and 2 to the eastward of the main) 
have a few inches of marl under them below the peat. 

There is very heavy seepage from the sand hills down through the sand 
underlying the peat. Natural escape of the seepage water at the main 
channel of Coon Creek is blocked by the comparatively impermeable 
marl. The main outlet drain of the tract cuts across the marsh and sup- 
plies the necessary outlet. The laterals at the time they were laid were 
from to 4 feet deep, and are now 3 to 3K feet below the surface of the 
peat. There is from i to feet of peat between the bottom of laterals 
I and 2 and the sand. The main outlet, however, since it was first dug 
has always been about a foot below tlie outlets of the laterals. There 
has been a tendency, therefore, in times of little flow for the seepage 
water to escape directly from tlie sand into the main outlet without pass- 
ing upward into the laterals. This condition would be accentuated both 
at the lower end of the laterals near the main and at the upper end of the 
laterals where their grade carries them above the almost flat ground 
water table. Lateral i carries heavy seepage from a bay indenting the 
high land, and the tendency for the ends of the lateral to get above the 
ground water level would be partially neutralized. In lateral 2, however, 
the tendency would be most marked at all low water stages. 

The tile system was laid out and installed in 1918 under the direction 
of Mr. H. B. Roe, drainage engineer of the experiment station. Alternate 
lines were of clay and concrete. When the concrete tile arrived they were 
freshly cured and did not meet the strength requirements. As they also 
appeared to be quite uniformly porous the entire lot was condemned by 
Mr. Roe. Another test of the tile was made 13 days after the first, which 
indicated a much greater strength. Under the circumstances it was 
decided by Doctor Alway that it would be better to use the tile than 
lose a season. The tile were therefore installed. 

Tabue XVI — Tej,ts of Coon Creek tile Oct 2, 1918, one week after delivery (5 and 6 inch 

tile tested) 


1 

2 

3 

4 

5 


Tabi,e XVII . — Tests of Coon Creek tile Oct. 15, iQiS, thee weeks after delivery {$~inch 

tile tested) 

Test No 


I. . 

2 . . 

Average 


Dry 

weight. 

3-poizit 

Calculated 

breaking 

load. 

breaking 

load. 

Lbs. 

Lbs. 

Lbs. 


53S 

807 

SH 1 

67s 


8. 56 

606. 5 

910 


Test No. 


Average 


Wet 

weight. 

3 -point 

Calculated 

breaking 

load. 

breaking 

load. 

Lbs. 

Lbs. 

Lbs. 

9 H 

375 

56a 

10 

375 

562 

loX 

413 

620 

10 

325 

488 


425 

638 

10. 025 

382. 6 

574 



May X3, 1923 


Effect of Decomposition on Concrete Tile 


493 


From Tables XVI and XVII it would appear that the average cold 
absorption of the air tile was approximately 1.465 pounds, or 17.1 per 
cent, and that Mr. Roe’s condemnation of the tile was well founded. 

In June, 1921, an inspection of the tile was arranged for, to take place, 
on August I, Doctor Alway acting as intermediary. There were present 
the local manager of a cement association, the director of the publicity 
department of the same cement association, the engineer for a Minnesota 
concrete pipe and tile association, Dr. F. J. Alway, of the soils department 
of the agricultural engineering branch of the Minnesota Experiment 
Station, and the writer. 

Altogether, five pits were opened, the location of the first three being 
chosen by the representative of the cement association and the location 
of the last two being chosen by the writer. The first three pits were all 
opened on lateral 2 at 265, 450, and 600 feet from the main. This lateral, 
as previously described, is underlain by marl, at a depth of about i 
foot below the grade of the tile. Two tiles were taken from each pit and 
were numbered in duplicate lA, ill, and iC. At the writer’s suggestion 
branch a of lateral i was opened 20 feet from its outlet and again at 735 
feet from its outlet. The first of these two pits was underlain by mari. 
The second was in uncultivated peat and had no marl below it. Two 
samples were taken from each pit and numbered in duplicate 2 A and 2B. 
The samples were set up in order on the running board of one of the cars 
and photographed by members of the party. One set was then chosen 
by the publicity director of the cement association and the other taken 
by the writer. The upper and lower sides of the samples taken by 
Elliott are shown in Plates 7, A and B. It will be noted that the tile 
which remained above the water table for long periods of time arc very 
little attacked, while the tile which kept moist without much flow even 
though close to the marl is more disintegrated than those which carried a 
heavy flow of high ground water. Of the two from branch a, the tile 
taken from above the sand is more disintegrated than the one from above 
the marl. Samples of water were taken from the pits by the publicity 
man. On digging holes to the grade of the tile for the collection of 
water no water appeared. The holes were then deepened still more. At 
hole I B, the shovel handle was thrust down through the marl to the 
sand underneath. The water then rose in the hole. At pit 2 B, the hole 
was deepened almost to the underlying sand, permitting the water to 
collect. What was done with these samples is not known to the writer, 
but they can not be taken as representative of the water in the peat. 
They would be representative of the ground water in the sand subsoil, 
probably contaminated by the marl and peat.^ 

The samples of the tile taken by Elliott were tested on October 25 in 
the drainage laboratory of the experiment station. Crumbs were broken 
by hand from iB, 2A, and 2B. All showed a strong alkaline reaction. 
The results of the physical tests are given in Table XVIII. 


* Siace the above was written the 1922 report of the Am Tican Society for Testing Materials has come 
to hand. It is believed that the samples testCvl by Dr. Witt and referred to in paragraph 3. P. 262 of 
that report, are the samples just mentioned. 
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Table XVIU. — Results of physical tests on samples * years inj^at 

at Coon Creek Aug. /, ig2i {s-inch tile testea) 


taken from drains 


Physical tests. 

Sample. 

lA. 

Sample* 

iB. 

Sample. 

Sample. 

aA. 

Sample. 

aB. 

Weight after t months drying (pounds) . 

Breaking load (pounds) 

Absorption, bone dry and boiling method , 

9. 70 
B26 

9. 02 
804 

9 - 19 
1007 

9.27 

810 

9 - S 3 
1016 

Top piece m mold 

12. 9 

15.6 

13-7 

13.8 

13-6 

Center piece in mold 

14.3 

17 - 9 

IS- I 

16. 2 

IS - 4 

Bottom piece in mold .... 

14. 1 

13 - I 

13-3 

17.4 

15.8 

Average 

13 - 8 

15-5 

14. 0 

IS - 8 

14.9 


* A considerable number of tile had been left over when tkz job was finished, and had been stock piled on 
high ground at the edge of the marsh. Of these, lo were taken as a sample, 5 being given to the soils depart' 
ment and 5 tested on October 35 in the drainage ld>oratory. 


Table XIX . — Results of physical tests on concrete tile from stock pile at Coon Creek 
{5-inch tile tested, age 3 years) 


Physical tests. 

Sample 

1-6. 

1 

1 Sample 

1 

Sample 

1-8. 

Sample 

1 - 9 . 

Sample 

I-IO. 

Weight after 3 months drying (pounds ) 

10. 27 

9 - 30 

10. 25 

9. 61 

10. 00 

Breakinjj load (pounds) 

Absorption: 

1152 

983 

1196 

830 

1265 

Top piece in mold . 

12. 2 

13 - 3 

II. 8 

IS- I 

13-4 

Center piece in mold 

12. 2 

15 6 

13. 1 

14 . I 

16.3 

Bottom piece in mold 

13. 2 

14. 2 

13 0 

14 . 5 

14.3 

Average . 

12.5 

14. 4 

12. 6 

14. 6 

14. 7 


A comparison of the figures in these tests discloses some interesting 
facts that are tabulated in Table XX. 


Table XX. — Comparison of physical tests on Coon Creek tile at different ages and under 

different conditions 


Physical tests. 

I week 
after 
delivery. 

3 weeks 
after 
delivery. 

3 years old 
in stock 
pile. 

a} years 
did in 
peat. 

Weight, air dry average 

Wet weight .... 

Breaking load, dry. . . . 

10. 025 

8. 56 

9.89 

9 - 34 

910 



Breaking load, wet 

Absorption, cold, per cent (estimated) . . 

Absorption, boiling 

Absorption, top piece in mold 

Absolution, center piece in mold 

Absorption, bottom piece in mold 

574 

17. I 

1085 

893 



13-8 

13-2 

14.3 

13-8 

14. 8 

13 - 9 

15. 8 

14 - 7 
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Table XXI.* — Comparison of tile in peat with tile from stock pile at Coon Creek, tested 

Oct. 2$, ig2i 


Item. 


Loss in weight 

Loss in strength 

Increase in porosity: 

Ends 

Middle 


> Simunary of Table XIX 



Per cent. 


5.5 

17.8 

- 

5-2 
10. 4 


PEAT IN LAKE PRAIRIE DISTRICT 

On September 19, 192 1 , a concrete tile line was examined on the NW. >4 
and SW. sec. 29, township of Lake Prairie, about 10 miles northwest 
of St. Peter, Minn. In 1919, an 8-incli tile had been laid a short distance 
into a peat pocket about 1,200 feet long. The line was not completed. 
After eight months in the ground the tile was taken up and found to be 
very badly disintegrated on the bottom, as shown in Plate 6, B. New tile 
was laid in the fall of 1920 and the main completed. At the time of the 
examination it also showed signs of serious disintegration. No samples 
of the new tile were taken. Tests of the old tile showed physical condi- 
tions as summarized in Table XXII. 

Table XXII. — Absorption tests y bone-dry and boiling method, of concrete tile in peat 8 
months, and on hank i year, near St. Peter, Minn. 


Sample taken. 

No. I. 

No. 2. 

Top piece in mold . . .... 

13-0 

25-3 

Center piece in mold 

16. 6 

19-3 

Bottom piece in mold . , 

14. 6 

14. 6 

Average .... . . 

! 14. 7 

19. 8 


All of the fragments of tile No. i were from the upper side. The upper 
and center fragments of tile No. 2 were from the partially disintegrated 
portion. The tile were apparently of about the same character originally^ 
a rather low grade without sufficient coarse aggregate. 

results 

In addition to the 10 points brought out in the laboratory, the field 
studies indicate the following: 

(i i) Concrete tile, as at present made, break down in all peat soils, no 
matter what the underlying mineral soil may be. 

(12) A high percentage of lime, even the presence of marl, is no guar- 
anty of immunity. 

(13) A high percentage of lime delays but does not stop the process of 
disintegration. 

(14) An acid subsoil aids in the disintegration. 

(15) The more porous the tile the more rapid the disintegration. 

(16) The presence of water is necessary for disintegration to take place. 



496 


Journal of Agricultural Research 


Vol. XXIV. Na 6 


(17) It is not necessary for the tile to be actually in the peat for dis- 
integration to take place, but merely that the peat waters shall have free 
access to it. 

(18) The violent alkalinity of the tile, continuing even to the time of 
complete disintegration. 

(19) The destruction of solid concrete if the acid waters lie against it 
continuously. 

PART V. DISCUSSION AND CONCLUSIONS 

The mechanical adaptability of such a material as concrete to the 
manufacture of drain tile and the aid which it can give to drainage work 
is very great. Its permanence in ordinary soils seems to be all that can 
be desired. That, however, is not a part of the discussion of this paper. 
It is with the suitability of concrete for peat soils or soils high in organic 
matter with which this paper deals. 

From the facts brought out in the investigation it would seem that 
there are some things which should be remedied before concrete tile, as 
now made, can be said to be suitable for use in soils high in organic 
matter. The first of these difficulties is the presence of free alkali. The 
observations of the past year seem to indicate that this is a characteristic 
of all concrete tile, retained even to the time of complete collapse. If it is 
true that free alkalinity is an inseparable characteristic of concrete as 
now made, and if water is present as a conveying medium, then the 
ultimate destruction of tlie tile in the presence of organic acid seems 
inevitable. The free alkali and tlie free acid are incompatible and must 
react against one another. This might not be serious if the products 
of the reaction were insoluble in water. The investigation has shown 
that they are highly gelatinous and are very readily soluble in water 
carrying carbonic acid. 

That carbonic acid is absorbed in large quantities by the concrete is 
indicated by tlie tests with the cement patties. It may also have had 
considerable t6 do with the increase in weight and density of the tile 
which lay in the stock pile at Coon Creek. 

Destruction of tlie concrete by water carrying carbonic acid must 
eventually take place exactly as the lime is leached from the surface of 
any soil by the formation of the double carbonates of calcium, but this 
process probably would be extremely slow and would not be of economic 
interest to the engineer. It is the rate of decomposition that is the 
controlling factor. 

DISINTEGRATION IN LOW-LIME PEATS 

On this rate of decomposition, the character of the surrounding mineral 
soil, the porosity of the tile and the character of the ground water flow, 
seem to be the controlling factors. In strongly acid soils, with the peat 
wet throughout the season, ordinary tile appear to break down after one 
year. At Grand Rapids, Minn., the peat is highly acid but the tile were 
laid shallow and the ground water, except for short intervals, kept well 
below them through the greater part of the season. Some of the tile were 
in fair condition at the end of ii years. At Weyauwega, .Wis., in acid 
soil in the presence of abundant moisture, the tile were not placed directly 
in peat but in the sand below it. The system began to give trouble after 
two years and was very bad in three. In Wood and Juneau Counties, 
Wis., in acid peat above acid subsoil poor tile break down in a year. 
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DISINTEGRATION IN HIGH-LIME PEATS 

In the high-lime peats the situation is much more complex. Water still 
is a controlling factor. At St. Peter, Minn., a rather poor grade of tile 
broke down in a season. This was in a so called running slough in 
Prairie Country which would therefore be high in lime, but the bottoms 
of the tile were wet throughout the season. At Coon Creek, during the 
two and one-half seasons they were in the ground, the tile disintegrated 
most rapidly where there was a gentle flow or soakage of water regardless 
of the presence of lime in the form of marl. Where the flow of ground 
water was stronger, even though marl was not present, disintegration was 
not so great. Where the tile were well above the ground water level 
throughout the greater part of the season, disintegration amounted to 
very little. 

On University Marsh the conditions were very unusual. The marsh 
surface was below the level of Lake Mendota. There is, in addition, 
heavy seepage from the surrounding hills. This seepage coming through 
the marl bed was so strong that the peat was prevented from attacking 
the bottoms of the tile. This is the reverse of what is commonly found. 
The tops of the tile were, however, above the seepage water and were 
destroyed after six years. This is the more remarkable in the light of 
the fact that during the winter the seepage was sufficiently strong to 
turn the deeper peat strongly alkaline and almost neutralize it to the 
surface. 

In Ozaukee County the least proportional disintegration was found. 
The marsh in this case was narrow and the main ditch comparatively 
deep. The tile would be above the water level throughout the greater 
part of the season. As was to be expected, tlie greatest disintegration 
was found where the tile were kept continuously moist. In none of the 
three observations made in this county was there any serious disinte- 
gration after four years. 

PRODUCTION OP ORGANIC ACID 

One of the most interesting facts brought out by the investigation 
was the extremely rapid production of organic acids where moist peat 
was kept at a warm temperature. In the laboratory culture of peats from 
University Marsh, both the peat from the surface, which was very faintly 
acid, and the peat from 5 feet deep, which was strongly alkaline, in 10 
days became strongly acid. In another 10 days the surface peat 
contained 5 times as much acid as it did at the end of the first 10 days. 
The deep peat in the second 10 days not only increased its acidity to 7 
times what it was at the end of the first 10 days but actually outstripped 
the shallow peat. The northern peat which was but faintly acid in the 
beginning became violently acid at the end of 10 days. 

The same thing was done during this past winter with peat from Coon 
Creek. The peat culture in distilled water required a week to overcome 
its original alkalinity, after which time the increase in acid was rapid. 

It is not assumed that exactly the same sort of accumulation of acid 
will occur in nature though the process of production may be identical. 
What will occur will be the production on an enormous scale of the prod- 
ucts of decay. Much of these will naturally escape and be carried away 
by ground water. In the cooler months, particularly in the winter, the 
escape of the products of decay will probably more than keep pace with 
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their production. But in the summer months when run-off is light and 
decay rapid, the products of decay must accumulate to a very great 
degree. If there is any run-off through the tile lines, these products of 
decay will find their \vay to the tiles along with the drain water. The 
percentage of concentration of the acid in the drain water may be very 
low, but the actual amount passing during a season would be enormous. 
Wi^ the drain water also carrying carbonic acid, the complex compounds 
formed with the cement would be immediately carried away, presenting 
a fresh face to the action of the organic acids. 

Though this process is evidently very similar to the leaching of lime 
from surface soil, a little thought will show that they are not exactly 
analogous. The lime in the soil is present in a comparatively inert form. 
It has been demonstrated that the concrete of the tile is chemically active 
even to the very end of the tile. It is possible that the ordinary soil 
is better able to retain the complex lime-organic compounds than 
is the peat. It has been shown that tile near the surface of a well- 
drained peat are not greatly affected. It is possible that the greatest injury 
is done by organic compounds that are produced in quantity only where 
the conditions are suitable. It is possible that these conditions may not 
exist in a mineral soil. This leads us to the statement that the deduc- 
tions from this investigation can not be stretched to include the use of 
concrete tile in mineral soils whether acid or alkaline. 

ECONOMIC FACTORS 

Though, under certain conditions, the life of a concrete tile in peat soil 
may be very short, under certain other conditions it may continue a long 
time. In general, it may be said that the average life of concrete tile, as 
they have been made, is about six years. The tile may hold on for a con- 
siderable time during which the violent alkalinity is being neutralized, after 
which the final collapse is rapid. In peat soils the collapse of the tile may 
•not be as serious as it would be in a mineral soil, nor may the collapse at 
once become apparent. If the drain is not closed by the tramping of 
stock or by farming operations, the underground channel may remain 
open for years, functioning nearly as well as the original drain. 

It will probably be said that the quality and density of concrete tile is 
improving rapidly and that the tile at Coon Creek, for instance, were not 
good tile and were condemned before they went into the ground. Even 
though they were not good tile, however, they were no worse than 
many hundreds of miles of tile that have been used. They were shipped 
from the factory while still “green,"’ and the first test was made when 
they were only partly cured. That is not the point, however. The point 
is that during the two years in the ground the tile lost in every quality 
that fits them for the work for which they are intended. 

If the average expectation of the life of the tile were 40 or 50 years or 
upward, there would probably be no question as to the advisability of 
using concrete tile, but with an expectation of only 6 or 10 years it does 
not seem that, as now made, their use in peat is sound economics. It 
would seem to be a question whetlier or not they would pay for the invest- 
ment and give a sufficient profit during that time to reimburse the land 
owners for the trouble and business hazard involved. No doubt improve- 
ments in the quality of the tile which are now being generally made will 
greatly increase the life of the tile, but those improvements are with few 
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exceptions leading to the improvement of one quality only, and that is 
density. 

But density alone is not sufficient. In the progress of the field work, 
the greatest possible range of soils was investigated. It is significant 
that in no place where concrete tile were in peat for two or more years 
were the tile free from some percentage of disintegration. We can not 
assume that all of these tile, covering some 30 odd observations in two 
States, were below the average in quality. 

IMPROVEMENT necessary 

It would seem that the first requisite for making the concrete permanent 
in a soil high in organic acids is the elimination of the free alkali. It is 
generally understood that an excess of lime is added to the materials of 
which cement is made in order to give it setting qualities and plasticity. 
If these qualities are necessary for a general purpose cement, it is possible 
that a special cement might be made for use in drain tile in peat soils 
which W’ould not have the objectionable features of the standard product. 

The second suggested improvement would probably be covered by the 
first, but if the first were not put into effect it would seem that a very 
distinct improvement could be effected by finer grinding. This would 
permit of more complete hydration at the time of setting. The “ setting 
of the old tile when it was reground would seem to indicate that perhaps 
the original particles of cement were too large for the process of hydration 
to be complete even after five years. 

The third suggested improvement in the manufacture of concrete tile 
for use in peat soils is the addition of some substance which would either 
render the constituents of the cement chemically inert or would so coat 
the particles of the tile that the entrance of water would be prevented. 
If this could be done the tile would last as long as the coating remained 
intact. If such a material were used it must of necessity be of such a 
character that it itself would not decay. 

The fourth method of improvement is the one that is at present being 
used. It involves greater care in the mechanics of manufacture of the 
tile, and includes washing, grading, and elimination of soft materials 
from the aggregate, better mixing and blending and better packing and 
curing. The result is a stronger, denser tile that is greatly superior to 
the tile made by a more careless process. Its life in any soil, but par- 
ticularly in soils which carried inimical solutions, would be very greatly 
lengthened. It is possible that this method combined with the addition 
of a preservative substance will produce the desired results. Very great 
improvement has already been made along that line, and the utmost 
thought and care should be expended in an effort to produce a concrete 
that is unquestionably permanent. 

LITERATURE CITED 

<i) Alway, F. J. 

1922. DISINTI5GRATION OP caMBNT TiLi$ IN PRAT. In Jour. Amci. Pcat Soc., 
V. 15, no. 3, p 15-25 References, p 25 
<2) Bates, P. H , Phillips, A. J., and Wig, R. J 

1913. ACTION OP THE SALTS IN ALKALI WATER AND SEA WATER ON CEMENTS. 

U. S. Bur. Standards, Tech. Paper 12, [1912], 157 p., 60 fig Bibli- 
ography, p 103-105. 

( 3 ) Bersch, Wilhelm. 

1909. HANDBUCH DER MOORKULTUR. xii, 288 p., 4I fig*. 8 pi. Leipzig. 



500 


Journal o] Agricultural Research 


Voi. XXIV» No 6 


(4) Eluott, G. R. B. 

1921. DURABiuTY OF DRAIN mE. /» Fami, Stock and Home, v. 37, p. 226- 

227, 262. 

(5) Jones, E. R., and Zbasman, O. R. 

1921* PUMP drainage of the university of WISCONSIN MARSH. Wis. AgT. 
Exp. Sta. Research Bui. 50, 32 p., 15 fig. 

(6) Hali., a. D., and Morison, C. G. T. 

1907. THE FLOCCULATION OF TURBID LIQUIDS BY SALTS. In JoUf. AgT. Sci., 

V, 22, p 244-256, pi. 4. 

(7) Headden, William P. 

1908. destruction op CONCRETE BY ALKALI. Colo. Agf. Exp. Sta. Bul. 132, 

8p. 

(8) Miller, D. G 

1922. effect of alkali ON concrete DRAIN TILE AND GENERAL CONDITIONS 

OF ALKALINITY IN SOUTHWESTERN MINNESOTA. In Bul. Minn. Feder- 
ation Architect, and Engin. Soc., v. 6, No. 8 (1921), p. I3--23, 5 fig. 

(9) — 

1921. REPORT OF concrete- ALKALI INVESTIGATIONS IN MINNESOTA IN 1919- 

1920, BY THE COMMISSIONER OP DRAINAGE AND WATERS OP MINNESOTA. 

74 P . 2 hg- 

(10) Steik, Karl. 

1917. THE EFFECT OP ALKALI UPON PORTLAND CEMENT. Wyo. Agf. Exp Sta. 
Bill. 1 13, 122 p., 9 fig. 

(Jl) 

1919. THE EFFECT OF ALKALI UPON PORTLAND CEMENT — II. WyO. Agf Exp. Sta. 
Bill. 122, 38 p., 22 fig. 

(12) Stewart, John T 

1922. DURABILITY OF CONCRETE TILE IN PEAT. In Jouf. Amcf Peat Soc , V. 

15, no 3, p 26-32. 

(13) Tacke, Bruno. 

1910 uEBER das verhalten VON BETEN IN MOORBODEN. In Mitt Vor. Ford. 
Moorkultur, Bd 28, p 234-240. 

(14) Tannatt, F. Tappan, and Burks, Edmund. 

1908. THE EFFECT OP ALKALI ON PORTLAND CEMENT. Mont. Agr. Exp. Sta. 
Bul 69, 120 p., 9 pi. 

(15) VoGLER, Charles A. 

1909 grundlEhrEn DER KULTURTECiiNiK. Aufl. 4. Bd. I, Teil i“2. Berlin. 

(16) Wig, R J., and Williams, G M. 

1915 investigation of THE DURABILITY OF CEMENT DRAIN TILE IN ALKALI 

sofLS. U. S. Bur Standards, Tech. Paper 44, 56 p., i;o fig. 

(17) andP'iNN, A. N. 

1917. DURABILITY OF CEMENT DRAIN TILE AND CONCRETE IN ALKALI SOILS. 

U. S. Bur. Standards, Tech, Paper 95, 94 p., 61 fig. 

(18) anti Gates, E R. 

1916 STRENGTH AND OTHER PROPERTIES OF CONCRETES AS AFFECTED BY MATE- 

RIALS AND METHODS OF PREPARATION. U. S. Buf. Standards, Tech. 
Paper 58, 172 p , 44 fig. 

(19) Williams, G. M.' 

1922. durability OF CEMENT DRAIN TILE AND CONCRETE IN ALKALI SOILS: 
THIRD PROGRESS REPORT (1919-20). U. S. Bur. Standards, Tech. Paper 
214, p. 463-494. 6 fig- 

(20) Winter, O. B. 

1917. DURABILITY OF CONCRETE DRAIN TILE— H. Mich. Agf. Exp. Sta. SpCC, 
Bul 82, 12 p 

, (21) and Musselman, H. H. 

1915. durability of CONCRETE DRAIN TILE. Mich. Agr. Exp. Sta. spec. Bul. 
75, 13 p., 4 fig. 




PLATE I 

A —Concrete tile on left laid in deep peat on University Marsh in 1918. Taken 
np in 1019. The tile to the right is new. 

B. — Concrete tile at left laid in peat 3^ feet deep underlain by marl in University 
Marsh in 1914. Taken up in 1919. The tile to the right is new. 
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PLATE 2 

A. — Concrete tile laid near Madison, Wis , in 1914. taken up in 1920. No i has 
not been in the ground Nos. 2 and 3 were laid reet deep in peat No. 4 was in 
silt loam overlain by 2 feet of peat 

B. — Concrete tile laid in recent soil high in lime in 1916; taken up in 1920. No. r 
was in peat carrying a high percentage of alluvial matter and getting high ground 
wash. No. 2 was at the outlet of a drain in 4 feet of peat. No 3 was in 45 ^ feet of 
peat overlying sand 

39363—23 5 



PLATE 3 

A. — Tile from University Marsh. From same line as in Plate iB, but taken up in 
fall of mao. Note progressive disintegration in Plates i, A, i, B, and 3, A. 

B. — Cfoncrete culvert in Gaynor Road, Grand Rapids, Wis. Built about 1910. 
Photographed September, ipao. Acid water from the cranberry marshes stands 
against the concrete at all times. 
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Plate 4 
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PLATE 4 


A. — Concrete tile laid in Central Plain of Wisconsin in 1915, taken up in 1919. No. 
I lay on the eround. No. 2 was in sand below 8 inches of black muck. No 3 was in 
silt loam with sand at 3 feet 6 inches. No. 4 was in bowlder clay underlying 12 inches 
of black muck. No. 5 was in sand below 8 inches of black muck. 

B. — Concrete tile laid in a sewer in Milwaukee about 1885. Taken up in 1919 



PLATE 5 

A — Tile from Grand Rapids Experimental Farm. Laid 19x0 Taken up 191S. 
Laid in pile until 1921. 

B. — Same as Plate 5, A, showing tile disintegrated on inside at bottom. 

C. — Similar to preceding, lowing disintegration at water line. 

D. — Grand Rapids station, showing sample No. 2 in the ground with the peat arched 
above it. 



Effect of Decomposition on Concrete Tile 


Plate 5 



Journal of Agricultural Research 


Washington, D C 






Effect of Decomposition on Concrete Tile 


Plate 6 
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PLATE 6 


A — Some of same lot laid 1910. Taken up 1918. About one-quarter of tile dis- 
ciifded; remainder relaid Samples taken up 1921. No i, bottom of tile in deep 
peat. No. 2, top of tile in deep peat No. 3 taken from 3X feet deep in mineral soil. 
Seepage line, but carried peat waters This portion of Imc had not been relaid since 
1910. 

B. — Ei^ht-inch tile from line in peat northwest of St. Peter. Laid in 1^19 Taken 
up after eight months. Second set, relaid in 1920, showed signs of heavy disintegration 
in September, 1921. 



PLATE 7 

A — Upper side of set of tile from Coon Creek, taken by Elliott for testing, lA, iB, 
and iC taken from pits on lateral 2, peat tmderlain by marl; 2A and 2B from pits on 
branch a of lateral i, 2 A peat underlain by marl, 2B peat underlain by sand 
B. — Bottoms of same set as shown in A. 
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INJURY TO FOLIAGE BY ARSENICAL SPRAY MIXTURES ‘ 

By D. B. Swingle, Botanist, H. E. Morris, Assistant Botanist, and Edmund Burke, 
Chemist, Montana Agricultural Experiment Station 

INTRODUCTION 

Since the first trials of Paris green and of arsenic trioxid for the con- 
of the potato beetle half a century ago there has been a constant 
incre^e in the use of arsenical compounds for controlling the ravages of 
certain species of insects on economic plants. 

It is a notable fact that of the many poisonous substances known to 
physiological chemistry none has been found so well suited to the purpose 
of poisoning insects that obtain their food by gnawing away portions 
of the fruit and foliage as certain arsenical compounds. As the control 
of such insects is a very important field in the science of entomology, 
much practical and scientific interest centers around this group of com- 
pounds. This interest makes imperative the obtaining of more informa- 
tion along certain lines; for it is agreed that an arsenical compound to 
be a satisfactory insecticide for application to foliage shall approach 
perfection in these respects: (i) It must promptly kill a large propor- 
tion of the insects; (2) it must be relatively inexpensive; (3) it must not 
seriously injure the plants to which it is applied under the conditions 
obtaining. Unfortunately, no compound has yet come to notice that 
perfectly satisfies these requirements, though several do so sufficiently 
well to be extensively used. It is with the third requirement that this 
investigation deals, although the others are constantly kept in mind. 

The problem of arsenical injury to ftuit trees and garden crops as a 
result of spraying is a troublesome one. Some of the compounds first 
tried have been abandoned or greatly restricted because of the injury 
produced and new ones have b^n proposed to take their places; and 
these in turn may yet give way to others. 

It has long b^n evident that there are factors influencing arsenical 
injury that the horticulturist does not understand and others that he is 
powerless to control. Considerable work has been done to show the 
nature and relative importance of these factors. All of this work has 
been fragmentary and most of it has been done under such conditions 
that it is impossible to judge the relative importance of two or more 
factors operating at the same time. In most cases the exact composi- 
tion of the mixture used was not known and in many cases the fact 
that quite different chemicals appear under the same name evidently 
was not even suspected. Some of the conclusions drawn are quite con- 
tradictory, and others, though perhaps correct, are based on so little 
evidence that their soundness is questioned. It is probably safe to say 
that at the time this investigation was undertaken at this station in 
1912 enough correct conclusions on this subject had already been drawn 
to make certain phases of this work largely unnecessary if these correct 
conclusions had been recognized and isolated from the mass of apparently 
conflicting data and theories. Such a distinction had, however, been 
found impossible. 
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ARSENICAL COMPOUNDS USED AS INSECTICIDES 

As some of the confusion on the subject of arsenical injury can be 
explained by a study of the processes of manufacture resulting in some- 
what different compounds being sold under the same name, a brief 
review of these processes will be in order. It will also be necessary to 
discuss briefly the use of the more import^t arsenical insecticides that 
the significance of the work that follows may be evident. 

ARSENIC TRIOXID 
PREPARATION 

Arsenic trioxid is obtained in large quantities as a by-product in roast- 
ing arsenical ores. This is not pure, but contains some metallic arsenic, 
arsenic sulphid, dirt, etc., from which it is purified by resublimation. 
There are two forms of the trioxid known, the amorphous and the crys- 
talline. The amorphous changes slowly into the crystalline form under 
some conditions. At 25° C. the amorphous form is soluble in about 30 
parts of cold water, while the crystalline requires about 100 parts. Both 
are slCwly but completely soluble in about 15 parts of boiling water. 
The above proportions are approximate, as there seems to be a lack of 
agreement in the statements of various Avriters in regard to the solu- 
bility of the oxid. The name “arsenious acid,^’ by which it is often 
referred, is a misnomer, since the oxid is an acid anhydride and has no 
acid properties until it unites with water, when arsenious acid is formed. 
In all probability the caustic effect of arsenic trioxid on vegetation is 
due to its combining with water and forming arsenious acid. Therefore 
the injury is proportional to the amount of arsenious acid fornied and 
not to the amount of arsenic oxid in suspension. 

USB AS AN INSBCTICIDB 

According to Bourcart (i, p, 95)* the first trials of using arsenic trioxid 
for spraying were conducted in America in 1867, when Markham used it 
to combat the Colorado potato beetle. On account of the serious injury 
occurring when it was used, other less soluble arsenical compounds were 
substituted until at the present time the oxid is used almost exclusively 
in the preparation of poison baits, and as a constituent in the prepara- 
tion of some of the more usable arsenical compounds. 

CALCIUM ARSENITE 

Arsenite of lime was probably first recommended as an insecticide by 
Kilgore {14) . He recommended that it be made by boiling together for 
one-half hour, in 2 to 5 gallons of water, white arsenic i pound, lime 2 
pounds, and diluting the required volume to, say, 100 gallons. It is 
desirable that the lime should be present in the boiling solution of white 
arsenic, since it renders the latter insoluble as fast as it goes into solution, 
thus reducing the volume of water and shortening the time for obtaining 
the arsenite. Calcium arsenite is not manufactured for an insecticide, 
but many cases of foliage injury have been reported from its use, showing 
that it is more or less dangerous to use, and for this reason is not gen- 
erally recommended. 


*Reler«rnce is made by number (italic) to ** Literature dted,” pp . S3S-S37. 
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COPPKR ACBTO-ARSENITE (PARIS green) 

PREPARATION 

Copper aceto-ar senile is a compound of copper, arsenic, and acetic 
acid, Cu(C2H,02)2.Cu3As20e, and theoretically contains 58.65 per cent 
arsenious oxid (AsjOg), 31.29 per cent copper oxid (CuO), and 10.06 
p^ cent acetic acid, C2H4O2. In the process of manufacture ver- 
digris and arsenic trioxid are the essential materials. Generally 
verdigris is dissolved in acetic acid and added to a boiling solution of 
white arsenic and allowed to stand for some time to completely precipi- 
tate the copper aceto-arsenite. The light green precipitate is then 
thoroughly washed with hot water to remove the soluble salts. 

Copper aceto-arsenite has several s3monyms, the most important of 
which are Paris green, Schweinfurt green, and emerald green. The com- 
pound was discovered in 1814 during the course of experiments, with the 
object of preparing an improved Scheele’s green or arsenite of copper for 
use as a coloring pigment in the arts. It is supposed to have been first 
made at Schweinfurt, Germany, but by whom is not recorded. On 
account of its poisonous nature its use as a pigment was limited, and at 
present it is scarcely used at all for this purpose, but has become one of 
the standard insecticide compounds, not only in this country tmt abroad. 

USE AS AN INSECTICIDE 

The history of the use of Paris green as an insecticide may be traced 
back to the period when the Colorado potato beetle became recognized 
as being of economic importance. The first published account of the 
destructive propensities of this beetle may be found in the Prairie Farmer, 
August 29,1861,(7) and Paris green appeared upon the scene at some time 
between i860 and 1870, but who first suggested it and who first used it 
for the destruction of the potato beetle will perhaps never be told. The 
use of this material as a standard insecticide undoubtedly began in the 
West Central States. At first the poison was applied in the powdered 
form, using flour, plaster, or ashes as a diluent. In 1872 Le Baron (15, 
p. II 6), State entomologist of Illinois, in referring to the spring canker- 
worm, recommended that — 

strong washes, such as Paris-green water, or suds mjide from whale-oil soap, thrown 
upon the trees with a garden syringe, will also materially check their depredations. 

This is probably the first statement in which the syringing or spraying of 
apple trees with Paris green is recommended. The first statement 
referring to the successful control of codling moth by the use of Paris 
green that attracted attention and which was follow^ by close investi- 
gation, appears to have been made by Edward P. Haynes (Lodeman, 
16 y 1910) in 1878. After spraying his orchard with Paris green he 
said that it not only rid the orchard of cankerworms but the apples on 
the sprayed part were much less eaten by codling moths. However, the 
use of this poison for the destruction of foliage-eating insects was for 
various reasons adopted slowly, and it was not until about 10 years' later 
that Paris green was freely recommended as one of the most valuable 
insecticides for the destruction of chewing insects. 

FERROUS ARSENATE 

The use of arsenate of iron as an insecticide in this country is in an 
experimental stage and this compound has been used to only a limited 
extent. 
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PREPARATION 

In France, Vermorel and Dantony {32), who experimented with iron 
arsenate for several years, recommended that it should be prepared as 
follows in order to get the maximum adhesive power: 400 grams ferrous 
sulphate in 10 liters of water is added to an equal amount of arsenate of 
soda in 10 liters and stirred constantly. This stock solution is diluted 
to 100 liters and will contain about 200 gra. ferrous arsenate per hectoliter. 

USE AS AN INSECTICIDE 

upon its use as an insecticide Smith {28) reports the use of arsenate of 
iron containing 45 per cent arsenious oxide on elm at the rate of i X 
pounds to 100 g^ons of water without injury, and that it had good 
insecticidal qualities. Vermorel and Dantony (32) used iron arsenate 
against the codling moth in 1906, 1907, and 1908 and concluded that the 
action of iron arsenate is equal or superior to lead arsenate, with the 
advantages of color, presence of iron versus lead, and cheapness. They 
concluded that the combination of iron arsenate with copper fungicides is 
not practicable, first, because such combination is not necessary, and, 
second, because it is very destructive to foliage, and recommend that 
iron arsenate be used alone and in no case combined with copper. Taylor 
(ji, p. 13) reports the use of iron arsenate against the fall webworm in 
1909, using I to 3 pounds to 50 gallons with promising results and no 
injury to peach foliage. Melander (19) says iron arsenate is a new spray 
that has the merit of cheapness, but that it is not on the market. He 
gives brief directions for its preparation, but does not discuss results 
obtained from its use. Scott and Siegler (25) concluded that iron 
arsenate was a slow-acting poison. In field tests on apple they found 
that it was not an effective insecticide for the codling moth used at the 
rate of i pound to ido gallons. When used at greater strengths, however, 
they thought that it Siould give fairly satisfactory results, but that it 
would have no advantage over arsenate of lead. 

LEAD arsenates 

PREPARATION 

Arsenate of lead for use as an insecticide is usually prepared by one 
of two methods, according to Haywood and McDondl (12). First, by 
using lead acetate and disodium arsenate when a precipitate of tri> 
plumbic lead arsenate, Pl^(As04)2, is formed, or, second, by using 
nitrate of lead and disodium arsenate when a precipitate of diplumbic 
lead arsenate (PbHAs04)2 is formed. 

COMPOSITION 

Theoretically the tri-plumbic lead arsenate contains 74.40 per cent 
of lead oxid (PbO), 25.60 per cent of arsenic oxid (ASjOft), and 2.59 
per cent water of constitution. 

On account of various conditions, the commercial lead arsenate only 
approximates the percentages given above. This will be obvious for the 
following reasons: Chemically pure salts are too expensive to use in its 
manufacture, while various conditions such as temperature, concoitra- 
tion, etc., affect the reaction indicated by theory. Recent work by 
some investigators tends to show that the lead arsenate commonly on 
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the market is not either of the above forms, but is a double salt of a com- 
plex nature. For the purpose of this paper the lead arsenate will be desig- 
nated as one of the above forms, or a mixture containing the two forms. 

USE AS AN INSECTICIDE 

Arsenate of lead was first used as an insecticide during the summer of 
1893. In the early work of eradication of the gipsy moth it became 
evident that the known arsenicals could not be used at the requisite 
strpigth for killing gipsy moth caterpillars without serious injury to the 
foliage. Arsenate of soda was suggested as a substitute, but when used it 
burned the foliage to a greater extent than the other arsenicals. Mr. F. C. 
Moulton, who was experimenting upon these insecticides during the 
winter of 1892^3, proposed acetate of lead to precipitate arsenate of 
soda and in this way obviate the burning of the foliage caused by the 
latter; and by this method the ficrst arsenate of lead was produced for 
insecticidal purposes. Arsenate of lead has the following advantages: 
(i) On hardy foliage it can be used at almost any desired strength without 
serious injury, (2) it is visible whenever used, and (3) it afiieres well. 
The principal objection is its rather slow killing properties, probably due 
to its comparatively low arsenic content and slow solubility. 

INJURY TO FOLIAGE 

When lead arsenate was first used it was thought to possess all the 
necessary qualifications for an ideal insecticide. It has proved of great 
value and is used very extensively on apple and other more hardy 
foliage, but reports from its use on peach are variable, sometimes no 
injury being reported and in other cases the injury being so severe as to 
defoliate the trees. Femald {8, p) states that — 

it [arsenate of lead] can be used in large proportions, if necessary, even up to 25 pounds 
to 150 gallons of water, without injury to the foliage. ... It does not injure the 
foliage of the most delicate plants, even when used in as large a proportion as 25 
poimds, or even more, to 150 gallons of water. 

Smith {26, p, 437, 27, p, 8) states: 

Its great advantage is its harmlessness to plant life of all kinds ... it is absolutely 
harmless to foliage at any strength . . . It ts the only effective poison of this character 
that can be safely applied to peach foliage and on conifers. 

Many other statements similar to the foregoing are available to show 
that many considered lead arsenate as almost an ideal insecticide. 
However, other investigators conducting careful experiments occasionally 
reported serious injury. Ha)rwood and McDonnell {12) say: 

Rather severe injury was caused to the foliage and fruit of the peach by pure lead 
arsenate, made either from lead acetate or lead nitrate. 

Woodworth (j6) states, in speaking of spraying in the Pajaro Valley 
with lead arsenate, that: 

While the codling moth was well c<mi trolled, the amount of burning was so large 
that the progrcsss of spraying was entirely checked. . . . The most significant dis- 
covery of the year 1906 was that where a lead arsenate was so compounded that all 
the arsenic acid present was combined with lead no injury was produced on tlie most 
delicate foliage. Such a compound is known as the neutral or ortho-arsenate of lead. 
At that time no manufacturer was able or willing to produce an arsenate of lead of 
this description, and to this day, excepting the product manufactured here at Watson- 
ville, there is no strictly neutral lead arsenate on the market. 

Thesse statements serve as illustrations that foliage injury is not due 
directly and entirely to the arsenical but is greatly influenced by other 
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conditions. Haywood and McDonndl {12) point out the great variation 
in the composition of the different samples analyzed, and this, no doubt, 
has had very much influence on contradictory results. Lead arsenates 
which are safe to use under dry arid conditions may cause serious injury 
under conditions of high humidity. Atmospheric conditions following 
sprayings have a great influence on the action of the spray mixture of 
the foliage, and for this reason duplicate experiments, when a short 
time intervenes between them, may not control. Gillette (n). Wood- 
worth and Colby (57), and others concluded that leaves kept perfectly 
dry can hardly be injured by the arsenites, but that under conditions of 
high humidity the injtuiotis action is greatly increased. However, at 
the present time lead arsenate is recognized as the standard insecticide, 
not only for orchard spraying but for field and truck crops as well. 
Against insects it is known as a rather slow poison, but it is effective. 
In this respect there is considerable difference in the two forms, viz, the 
triplumbic and the diplumbic ortho-lead arsenate, due in all probabilities 
to the difference in their arsenic content, which is the poisonous principle. 

IvONDON PURPLE 
PREPARATION 

London purple consists of calcium arsenite, calcium arsenate, and inert 
ingredients as dye residue, dirt, etc., and is prepared by boiling a purple 
residue from the dye industry with slaked lime. The analysis on a 
package recently received at this station was as follows: Total arsenic 
(As), 21 per cent; active ingredients, calcium arsenate and calcium 
arsenite, 54 per cent; inert ingredients, dyestuffs, etc., 46 per cent; 
arsenic (As) in water soluble forms, jyi per cent. Analysis by our 
station chemist substantiated the claim as to the total arsenic content. 
If judged from the arsenic content, London purple has only about one- 
half the killing strength of Paris green when used as an insecticide. 

USE AS AN INSECTICIDE 

The name “ London purple” was suggested by Dr. C. E. Bessey (private 
correspondence) in 1878, and he was the first to use it as a substitute for 
Paris green for the destruction of the potato beetle. Doctor Bessey was 
one of the three men who first received sample packets of London purple 
sent by a London firm ^ in a letter dated September 7, 1877. 

On October 2, after an exchange of letters, the firm forwarded to him 
three kegs of the material, which was the first shipment sent to America. 
The results of the experimental work of Bessey and Budd were favorable 
to the new poison, and it was soon recommended as a substitute for Paris 
green, not only for the destruction of the potato beetle but for other 
insects as well. 

The vahie of this material was recognized with surprising rapidity, 
probably due to its cheapness and the ease with which it could be applied. 
The principal objection to its use was its injurious action on the foliage 
of plants. Its burning tendencies were undoubtedly due to the soluble 
arsenic it contained, and it was not uniform in composition. The early 
analysis of London purple shows variations in amounts of arseniou^ 
oxid of from 31 per cent to nearly 60 per cent. However, at the present 
time the manufacturers claim to have perfected a process by which the 
composition of London purple is as uniform as that of Paris green or 
others of the standard insecticides. 


* Hemingway & Co. 
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From about three years after its introduction, London purple was 
generally considered to be nearly equal in efficiency to Paris green, and 
it is so considered to-day. 

ZINC ARSENITE 

In 1903, an investigation of arsenicals and spray injury was begun by 
the California Experiment Station. In the course of this investigation, 
foliage tests were made with zinc arsenite in the summer of 1906. In 
1907, about 5 acres of apple trees were sprayed during the blooming 
season without injury, and the results indicated that this material was 
a promising insecticide. In 1909, the first commercial material was 
prepared by the California Spray Chemical Company, Watsonville, Calif. 

PREPARATION 

The process of manufacture in general consists in boiling together in 
water, in the presence of ammonia, zinc oxid and arsenious oxid, in 
approximately the proportion of their combining weights. The boiling 
is continued until tlie oxids combine, which is indicated by a marked 
thickening of the mass, and until the filtrate shows only traces of arsen- 
ious oxid. 

USE AvS AN INSECTICIDE 

At the present time zinc arsenite is used extensively in certain localities 
for the spraying of apple trees just after full bloom, at the rate of 3 pounds 
of the powder to 100 gallons of water. It is not used for later spraying 
on account of its tendency to injure foliage; but from recent tests it is 
possible that it will become an important insecticide for truck crops. 

INJURY TO rOUAGE 

Luther (letter of May 20, 1910) advocated the use of zinc arsenite on 
apple, pear, bean, and potato, but not on delicate foliage like peach. 
Volck (jj) pointed out what he believed to be a fallacy in accepting the 
foliage of any one plant as a reliable index to the injurious action of all 
arsenicals. He found that either bean or peach foliage was a suitable 
indicator for testing arsenate of lead that is intended for use on apples. 
Because of the great ease of obtaining bean foliage, it was adopted as a 
standard testing medium. Later he says : 

Arsenite of zinc may prove entirely neutral to bean foliage yet when applied to 
peaches do marked injury. Samples which injure peach will later prove injurious 
to apples if applied in sufficient quantities, and bean foliage is not suitable for testing 
samples 

Luther (77) in speaking of investigations in the Pajaro Valley states: 

On apples it [zinc arsenite] has been sprayed as thick as whitewash without the least 
bit of injury. On small field crops, such as beans, potatoes, etc., it has given no 
injury, but on the peach, which is supposed to be more hardy than the bean, the 
injury was severe. 

Woodworth (jd), in speaking of spraying conditions in the Pajaro 
Valley, says: 

This [zinc arsenite] has proven to be the safest of the arsenicals tliat can be procured 
in the form of dry powo^. It is not so safe, of course, as the neutral lead arsenates, 
but has been used without very serious evidence of burning in the orchards where 
dusting has been adopted instead of spraying, . There is no doubt that the zinc 
arsenite stands foremost at the present time among the available arsenicals with high 
arsenic content. 
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Cooley (j) reports its use on the foliage of potato and cabbage without 
injury. Johnston {13) reports tlie use of zinc arsenite in the propor- 
tions of I, lyit and 2 pounds to 50 gallons of water on potatoes, without 
foliage injury. Clinton and Britton (2) report two applications of zinc 
arsenite on apple trees at intervals of seven days, using pound to 50 
gallons, with foliage injury so severe that the trees dropped many of their 
leaves. Volck (34) recommends the substitution of zinc arsenite for lead 
arsenate for the &st two sprayings, i. e., full blc^m and 10 days later, 
but in the following combination: Zinc arsenite (dry basis), 6 pounds; 
iron sulphid, 6 pounds; Black leaf 40, i pound; water, 200 gallons; 
because when iron sulphid is added, the foliage-injuring properties are 
largely restrained. If used alone, only the first (full &oom) spraying 
should be applied. For later sprayings arsenate of lead is recommended, 

Melander (19) says “It [zinc arsenite] is easy to use, adhesive, and 
has not scorched in our tests [on apple].*’ Schoene (24) found that on 
apples zinc arsenite alone or in combination with soap, glucose, or lime 
sulphur caused more or less injury, but that lime or Bordeaux prevented 
this injury. In other experiments with zinc arsenite, slight injury 
occurred on the foliage of pear and plums, peach and grape leaves were 
severely scorched, while potatoes and cabbage were uninjured. It 
is also suggested in this bulletin that the solvent action of carbonic acid 
is partly responsible for the damage. Scott and Siegler (25) record 
injury to foliage of apple when zinc arsenite was used ^one at the rate 
of K pound to 50 gallons of water or combined with milk of lime or with 
lime sulphur; &at it caused moderate burning on bean foliage, except 
where lime was added, in which case no burning resulted; that when 
added to slaking lime for Bordeaux mixture it caused no foliage injury 
to either apple or grape; and they suggested its possible use with Bor- 
deaux mixture in certain sections for die control of codling moth, bitter 
rot, and blotch. 

By various workers zinc arsenite is considered an effective insecticide 
against insects that are rather resistant to the poisoning effect of arsenic,, 
such as larvai of web worm, tussock moth, etc. 

methods op investigation 

It has been apparent for some time that there are several factors that 
influence the injury of foliage by arsenical compounds. Some of these 
are inherent in the plants themselves, some are dependent upon the 
chemical nature and solubility of the compounds used, while still others 
are to be classed as environmental conditions. It is obvious that to 
determine the relative importance of these several factors one of them 
must be varied while the others are kept as nearly constant as possible,, 
for it is quite impossible to eliminate all but one. 

METHODS OF APP1,TXNG CHEMICALS 

A large part of the spra3dng was done in the college orchard at Boze- 
man, Mont.; but this was quite extensively supplemented by orchard 
work in other parts of the State, and by spraying plants of various kinds 
in field plots, on the college campus, and in the botanical greenhouse. 

The mixtures were applied with a bucket spray* pump under good 
pressure, using a Bordeaux nozzle. In the case of small plants, such as 
potatoes, sugar beets, etc., entire plants were sprayed, but on orchard 
trees this was rendered impossible by the very large number of applications 
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that were made, reaching into thousands. In orchard spraying, there- 
fore, a single branch 2 or 3 feet long was sprayed with each mixture, 
and it is probable that as accurate results were secured as though entire 
trees had been covered. Indeed, it was possible to cover these single 
limbs more evenly than whole trees could have been covered. 

It has been found most convenient to use two liters of spraying mixture 
for each application, and for this reason the strengtih of the chemical used 
is indicated as the number of grams in two liters. This method of expres- 
sion will be found in most of the tables in this paper. 

PRECAUTIONS 

Care was taken to avoid spraying on windy days, and if rain followed 
the application the results were rejected excepting as they could be used 
for data in relation to precipitation. For the regular work foliage was 
chosen that was normal in development and free from mechanical or 
other injuries. Both the upper and the under side of every leaf was 
drenched thoroughly, and except in special cases care was taken not to 
shake off the spray mixture before it dried upon the leaves. 

As the number of applications exceeded 6,000 in the orchard and plots 
and 4,000 in the greenhouse, it is evident that the greatest care was 
necessary to prevent errors in labeling, recording, etc., if .the results 
were to be thoroughly reliable. This was realized from the first, and a 
complete and yet simple system of checking was adopted and scrupu- 
lously followed. From the nature of this system and from the fact that 
in the checking an error in the original record was very rarely found, we 
feel assured that the few erratic results that appeared were all due to 
other causes. 

In presenting these data comparisons are not made in the same table 
between tests run under different conditions, and the reader is warned 
not to make direct comparisons between injuries which resulted from 
spraying on different dates, in different places, or under other differing 
conditions, except for the purpose of studying the effects of these specific 
conditions, others being practically constant. 

DEVELOPMENT AND CHARACTER OF INJUPV 

When a leaf is materially injured by arsenic, it shows visible symptoms 
in a day or two which become more and more pronounced until certain 
portions or, in severe cases, the whole leaf is dead, brown, and more or 
less shriveled. In severe cases the leaves drop in from one to four weeks 
from the time of treatment. Most commonly the first visible symptoms 
appear on the second day after treatment. At this stage there is very 
little change in color, but the surface of the leaf in the injured portion 
has lost its normal luster and becomes duller in appearance. The tissues 
under these duller areas have lost much of their turgidity and become 
more or less flabby. Very soon, perhaps the second day, a dull brown 
tinge is apparent, which at first is indefinite in outline and l>ecomes more 
and more sharply defined. After 10 days of treatment no further 
change takes place except that tlie dead portion becomes frayed by the 
whipping of the leaves in the wind, or, if it is severely injured, the leaf 
drops off. No exact time can be ^ven for this course of development, 
as it is hastened by hot, dry weather and retarded by cool, wet weather. 
Most commonly the first visible injury may be detected on the first or 
the second day. The condition shown in Plate i , A may be seen on the 
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third day; Plate i, B on the fourth day; Plate i, C on the fifth day; 
Plate I, D at the end of a week; Plate i, E in about lo days, and Plate 
I, F in 3 or 4 weeks. 

If the leaf is not entirely killed, as was usually the case in these experi- 
ments, the injury is worse at the margin and in roundish spots of all 
sizes in the interior. If there are abrasions through the epidermis, these 
become centers of discolored areas. In most of these spots, however, 
there is no visible mechanical injury, nor do they correspond to depres- 
sions in the leaf where the spray mixture collected in greater abundance. 

The degree of injury was measured by the proportions of injured 
to uninjured surface. In the case of the apple, if more than half of 
the leaf is killed it usually drops prematurely. The position of the 
injured area varies this rule somewhat. Injury near the midrib or near 
or on the petiole is more likely to cause dropping than if on the margin, 
especially toward the tip. Not all plants are equally inclined to shed 
their leaves. The bean, for example, will do so much more readily than 
the apple, while the tomato retains them more tenaciously. 

For the purpose of comparing results for tabular data, etc., a condensed 
method of expressing the degree of injury is highly desirable. For this 
purpose the terms, very slight, slight, moderate, bad, very bad, partly 
defoliated, and defoliated were adopted. As applied to individual 
leaves the following definitions apply to the records in this paper : 

Very slight— tlie least amount of injury that is easily seen. 

Slight=a few small spots up to one-eighth of the area of the leaf 
killed. 

Moderate = one-eighth to one-fourth of the area killed. 

Bad = one-fourth to one- third of the area killed. 

Very bad = one- third to nearly all of the area killed. 

As applied to the sprayed plants or branches as a whole the following 
definitions served as a guide: 

Very slight = a few small spots on a small proportion of the leaves; 
no le^ seriously injured. 

Slight == about one-eighth to one-fourth of the leaves showing 
spots, but few, if any, of them seriously injured. 

Moderate = about one- third of the leaves more or less injured. 
Most of the leaves showing only small spots, but a few of them 
may be injured to the degree classed as “bad.” In the defini- 
tions given above for individual leaves we have applied this 
term to the most serious injury that can be done without com- 
mercial injury to most crops. 

Bad — approximately half the leaves injured, most of them only 
slightly, but some in “moderate” degree. This we have con- 
sidered to be just enough injury to class as of commercial 
importance to most crops. 

Very bad = most of the leaves more or less injured, some of them 
nearly killed. 

Partly defoliated = a j^rtion, but not all of the leaves entirely 
killed or so badly injured that they dropped oil before the 
notes were taken. The leaves of some kinds of plants when all 
or nearly all the tissue is killed, will di*op off. The leaves of 
other plants, as tomato, still cling after death, but for uniformity 
we class as defoliation a killing of the leaves whether they 
actually drop off or not. 

Defoliated practically all the leaves are killed. 
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Occasionally there would be some combination of injured leaves other 
than those listed above, as, for example, a few leaves badly injured and 
the others practically all sound, and judgment had to be used in desig- 
nating the degree in such cases, but these definitions will, in general, 
serve to place the authors and readers on common ground. 

CONDITIONS AFFECTING THE AMOUNT OF INJURY 

It is a well-recognized fact that arsenic and its compounds tend to 
injure all forms of life with which they come in contact, but the degree of 
injury varies with several conditions, some of which are more or less 
under the control of the entomologist, the horticulturist, or the farmer, 
who makes use of these compounds for destroying insects upon growing 
crops. A study of these conditions constitutes the most important part 
of this investigation. 


DIFFERENCE IN SUSCEPTIBILITY OF PLANTS 

It has been found that different species of plants vary greatly in their 
natural resistance to arsenical action. Confining ourselves to the higher 
plants and especially to those that for economic reasons are likely to 
receive applications of arsenical insecticides, we find that some will be 
almost or quite killed by applications that will injure others but little. 


difference in genera AND SPECIES 

Numerous spraying tests were made on a rather wide range of plants, 
including some that were only distantly related. Table I, which records 
the results of a test made on August 2, 1915, is fairly typical of the results 
obtained with these plants. It should be added, however, that in other 
tests sugar beet has not usually proven quite as susceptible as here indi- 
cated, being about the same as potato. Also, squash has usually proven 
a little more susceptible, being in about the same class as apple. Cabbage 
is distinctly the most resistant of the plants we have tested, though in the 
experiment recorded in this table cucumber was injured but little more. 


TABtE I. — Plants in field plots sprayed with calcium arsenite, 1 2 gm., and soap, y.2 
gm. per liter of water, to show the relative susceptibility of different species 


Name of plant 


Apple, Wealthy 
Bean, White Navy 
Cabbage, Late Flat Dutch 
Cucumber, Improved Long Green 

Potato, Early Ohio 

Pea, Senator. . . ... 

Rutabaga, Monarch 

Squaf^, Yellow Crookneck — 
Sugar beet, Klein Wcnzlebener 

Tomato, Enormous . 

Turnip, \^ite Globe 


Injur>'- 


Bad 

Very bad 
Slight. 
Do. 

Moderate. 

Bad 

Moderate. 

Do. 

Bad. 

Moderate. 

Do. 


We suggest a table of susceptibility of plants we have sprayed, as shown 
in Table II. In using this table one must keep in mind that different 
varieties of the same crop vary somewhat among themselves in this 
respect. In this table an attempt is made to range tlie plants from the 
most resistant to Uie most sensitive. 

39363—23 6 
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Table II . — Approximate order of foliage suscepHbiUiy to arsenical injury 


I. Cabbage. 

6. Tomato. 

11. Pea. 

a. Sugar Deet. 

7. Rutabaga. 

la. Squa^. 

3. Potato. 

8 . Turnip. * 

13. Cucumber. 

4. Apple. 

9. Cherry. 

14. Peadi. 

5. Pear. 

10. Plum. 

15. Bean. 


Something about the condition of plants of the same kind seems to 
vary at times to make them more or less susceptible. This accounts 
for some apparent discrepancies between Tables I and II. Repetition 
for confinnation is recognized as of fundamental importance in all 
scientific experiments, but is indispensable in studies of arsenical injury. 

Table III . — Fruit trees sprayed with copper aceto-arsenite and with calcium arsenite to 
show relative susceptibility of different species 


Injury. 


Name of tree. 


Apple, McIntosh 

Crab apple, Transcendent 

Cherry, Montmorency 

Cherry, Royal Ann 

Pear, Flemish Beauty 

Plum, Bradshaw 


Copper acetO'arsenite a.4 
sm. to X liter of water. 


Very slight 

None 

Moderate 

Slight 

Very slight 

Very bad 


Calaum arsenite x.a 
gm. to X liter of water. 


Moderate. 

Do. 

Very bad. 

Nearly defoliated. 

Moderate. 

Defoliated. 


For the variety used, the order of injury here indicated is plum, 
cherry, pear, apple, and crab, of which the plum is distinctly most 
susceptible. From the conflicting reports of other investigators it seems 
likely that this order will vary according to the variety used. We 
made no tests on the peach, as no trees were available, but it is quite 
generally conceded that it is more tender than any of the fruits named 
in Table III. 

Roses were sprayed several times for a comparison with apple. 
Harrison’s yellow rose seemed about like Okabena apple in susceptibility, 
and the Rugosa a little more tender. 

DIFFERENCES IN VARIETIES OF THE SAME SPECIES 

It is important to know if arsenical spray injury on any variety that 
happens to be chosen will be the same on other varieties under similar 
conations. Among apples it is quite generally conceded that Ben 
Davis is especially susceptible, though strictly comparative data are not 
abundant in the literature. 

In our work we have had many opportunities for comparing suscep- 
tibility of apples, and we have ^oroughly tested Alexander, Ben 
Davis, Charlottenthaler, Gano, Hybemal, I<ieby, McIntosh, McMahon, 
Okab^a, Oldenburg, Rome, Shiawassee, * Wagener, Tetofsky, Ydlow 
Transparent, Greenwood, Crab, H)rslop crab, and Transcendent crab. 
Of these the crab apples have shown themselves distinctly more 
resistant than the standard apples, especially the Transcendent, whi^ 
is almost in a class by itself. Among the standard varieties Ben 
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Davis, Gano, and Tetofsky have been conspicuously susceptible, while 
the others have shown no very consistent differences. They are so 
nearly alike that in one test certain ones would be injured a little more 
than the rest, while in other tests other varieties would be most injured. 
For practical purposes they may be considered about alike. It seems 
probable that this varietal susceptibility of apple trees is due to the 
thickness or character of the cuticle on the leaves rather than to a dif- 
ference in the living cells within, for we have shown (50, p. J04) that 
when fresh wounds through the bark are treated with arsenical com- 
pounds, Ben Davis is not more injured or Transcendent less injured 
than other varieties. 

Of the common garden beans, four varieties were compared. These 
were the White Navy, Red Kidney, Dwarf Horticultural, and Burpee 
Stringless. In their susceptibility to calcium arsenite, copper aceto- 
arsenite, and London purple they were almost identical. 

From our experiments and those of Woodworth (^5) we may conclude 
that among plants of different species, and different varieties of the same 
species, few general rules may be laid down, and each species and variety 
must be actually tested in comparison with others to know its suscep- 
tibility. To be sure, some groups, as beans, are especially susceptible 
(probably all of them) and probably all cabbages are relatively resistant. 
But among plants of intermediate susceptibility such as apple, cherry, 
rose, potato, and sugar beet, varietal difference is sufficient to make it 
uns^e to draw comparisons between these species without stating the 
varieties. 

INDIVIDUAL DIFFERJSNCES 

Do individuals of the same species and variety show differences in 
susceptibility? If such be the case, general conclusions can not be 
drawn with safety from single tests, and some repetition is necessary to 
get the prevailing tendency, the amount of repetition depending upon 
the degree and frequency of individual variation and the exactness of 
the method used. 

In carrying on this investigation, practically all the herbaceous 
plants used, whether in the greenhouse or in the field plots, were sprayed 
in triplicate and in some cases three branches of as many different 
orchard trees were sprayed in the same way. Opportunity was thereby 
offered for a very large number of comparisons. The results showed that 
the tendency to individual variation is quite marked. As this tendency 
is a matter of degree and we have no standards for expressing it, refer^ce 
may be made to Table IV, which is quite representative of this condition. 
(See also Tables IX to XIV.) Doubtless this variation is partly apparent 
and partly real. With the greatest of care it is difficult to keep a large 
number of plants under identical conditions after spraying. One may 
be kept in a little more shaded place than another, or have better air 
circulation, or be brushed more in working among the plants. This 
difficulty is even greater in treating branches of orchard trees. Using 
every precaution to eliminate such factors, individual differences still 
appeared sufficient in degree to convince one that the triplicate plants 
at the time of spraying were not always alike in susceptibility. We be- 
lieve that this is due in part to the environmental conditions under which 
the plants were grown, though all showing visible abnormalities were 
rejected before spraying, and there also may be a natural tendency to 
more or less resistant strains. 
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Nevertheless, the investigator in this field must give it due recognition 
and repeat all work until a predominant tendency is clearly established. 
We have made it a point, therefore, in all cases in which certain results 
shown in a published table differed from those most commonly observed 
under the same conditions, to call attention to this fact. 


Table IV . — Tomato plants in greenhouse^ sprayed in triplicate, showing individual 
differences in susceptibility 



Amount 

: Amount 


Injury. 



of chem 

- of soap 




Chemical. 

ical m 2 

in 2 





liters of 
water. 

liters of 
water 

Plant X. 

Plant 2. 

Plant 3. 


Gm. 

Gm. 





9-4 

O 

None 

None. 

None. 

Lead arsenate, di- 
plumbic, Baker 

1 

9 4 

7-2 

do . . . 

do... . 

Do. 

9-4 

9*4 

14.4 

28.8 

... do 

.... do 

Do. 

Moderate . . 

Moderate 

Moderate. 


f 2.8 

0 

Very slight 

Very slight 

Very slight. 

Calcium arsenate, 

2.8 

7.2 

Moderate 

Slight. . . 

Slight. 

Merck. 

2.8 

14-4 

vSlight 

.do 

Do 


2.8 

28.8 1 

1 

Moderate . 

Moderate. . .. 

Moderate. 


2.4 

0 

Moderate 

Moderate 

Moderate 

Calcium arsenite, 

2. 4 

7.2 

Bad 

Bad 

Bad. 

Adler 

2 4 

14.4 

Very bad 

Very bad 

Very bad. 


. 2.4 

28 8 

Partly defoli- 

Partly defoli- 

Partly defoli- 


1 


ated. 

1 

ated. 

ated. 


' 2.4 

0 

! 

Moderate 

Moderate 

Moderate 

Calcium arseni;^e. 

2.4 

7.2 

Very bad 

Very bad. . . 

Very bad 

Baker 

2.4 

14.4 

. . do 

. . .do . . 

Do. 


. 2.4 

28.8 

do 

... do . 

Do. 


2.4 

0 

Slight . . .. 

Slight . . . 

Slight. 

Calcium arsenite, 

2.4 

7.2 

... do 

Moderate. . 

Do. 

Merck. 

2.4 

14.4 

Very slight 

Very slight 

Very slight. 
Moderate. 


. 2.4 

28.8 

do 

Slight 


0.8 

j 

0 

None . . . 

1 Slight 

Very slight. 

Arsenic trisul- 

.8 

7. 2 

Slight . . . 

Moderate 

do 

Moderate. 

phide, Baker. 

.8 

14.4 

28.8 

Moderate 

Slight. 

Very bad. 

.8 

Very bad 

Very bad. 


DIFFERENCES IN PARTS OF THE PLANT 

In the spraying of trees and other plants all aerial portions are neces- 
sarily coated. This may or may not be necessary from the standpoint of 
controlling insects and diseases, but as it is practically unavoidable it 
makes the relative susceptibility of different parts of the plant to injury 
W the spray mixture of much importance in all spra3dng oper^ions. 
Inis is especially true of fruit trees where, for example, the fruit may be 
russeted by Bordeaux mixture, greatly reducing its market value, while 
the same amount of burning on the leaves is unimportant. 
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STEMS, ERUIT, AND FOLIAGE 

On all kinds of plants sprayed in this investigation the leaves were the 
m^t susceptible portion. Most of the herbaceous plants bore no fruit 
prior to the time of spraying, but beans, cucumbers, and squashes were, 
in a few cases, exceptions. On apple trees the leaves proved much more 
tender than either stems or fruits. This is true to such a marked degree 
that any arsenical treatment that caused even the slightest direct damage 
to fruit or bark nearly defoliated the sprayed branch. So far as this 
fruit is concerned, therefore, and probably in general, arsenical spray 
injury is a problem of foliage injury almost exclusively. The apple fruit 
proved slightly more susceptible to very severe treatment than the most 
tender portion of the bark on the stem. 

We have frequently noted that with plants of all kinds, whether 
herbaceous or woody, the youngest portion of tlic stem is the most easily 
injured. With leaves, however, this is not the case. Old leaves nearly 
ready to fall are damaged most, while young ones just expanding are 
most resistant. 

On the apple the foliage injury takes place almost exclusively through 
the lower epidermis. Gillette (jo) sprayed the upper surface and then 
both surfaces by way of comparison and found that — 

wherever this was done, the damage sustained by the leaves that were wet on both 
sides was fully double that sustained by those wet only on the upper surface. 

Woodworth (^5) tried painting the leaves with white arsenic, Paris 
green, and London purple, some on one surface, some on the other, and 
some on both. The entire surface was coated. He concluded that the 
lower side is more susceptible than the upper, the difference in his experi- 
ments being in the proportion of 47 to 22. 

In our own work the arsenical was applied individually to many leaves 
with a very soft brush, some to the upper side and others to the lower 
side. It was found that if the painted area extended to the margin it 
was practically impossible to keep a little of the liquid from extending 
over onto the opposite surface from that intended. Therefore, after a 
few preliminary experiments the practice was followed by painting a 
strip about \ % inches down one side of the midrib. This strip 

never approached the leaf margin. In Table V each report represents 
the injtuy of 10 painted leaves on one shoot. Both sodium arsenite and 
calcium arsenite were used in this experiment, one being a soluble and 
the other a nearly insoluble compound. Soap was added in some cases 
to cause the liquid to spread better and to penetrate the pubescence on 
the leaf more readily. 

The results shown in Table V are quite typical and indicate that the 
arsenical injury to apple foliage from spraying is brought about largely 
by absorption from the lower surface. Indeed, in some of our experi- 
ments when very toxic solutions were used no trace of injury occurred 
on leaves treated on the upper surface. We are led to believe that in 
those cases where injury did occur after treatment of the upper surface, 
there was some tiny abrasion, not easily visible to the naked eye. In 
view of our results it is difficult to account for so much injury from 
treating the upper surface as reported by Woodworth (55). The only 
essential difference in method was that he painted the whole surface 
instead of the central portion only. When we did the same we could 
not readily avoid getting some of the liquid over the margin onto the 
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other side with consequent injury and this may explain the discrepancy. 
Also, in his experiments the epidermis treated may not have been so 
free from tiny abrasions. 

Tabl^ V — Leaves of apple treated on the upper or the lower surface to determine the 

relative injury 


Variety' 

Transcenclent 

Wealthy 

McIntosh 

Yellow Transparent 

] 

1 

Chemical, j Strength. 

1 

1 

Injury. 

Upper. 

I^ower. 

r 

Calcium , 
arsenite. | 

i 

fVery slight . . . 
None . ... 

Very slight 
None 

Very slight. 

Very bad. 

Moderate. 

Very slight 

Transcendent 

Wealthy 

McIntosh 

Yellow Transparent 

Calcium 

arsenite 

plus 

soap. 

I ~ I ,000 
(14.4 gm. 
in 2 li- 
ters). 

fNone 

J do ... . 

1 do . . . 

1 do. ... 

Very slight. 

Do 

Do. 

None. 

Transcendent . 

Wealthy 

McIntosh 

Yellow Transparent 

mi 

■ 

Very slight. . . . 

None 

Very slight . . . 
None . . . 

Slight. 

Do. 

Very bad. 

Slight. 

Transcendent . . . 
Wealthy . . 

McIntosh 

Yellow Transparent 

Calcium 
arsenite 
plus soap. 

1-500 (14.4 
gm. in 2 
liters). 

None 

do . ... 

do . . . . 

.do 

Slight. 

Moderate. 

Very slight. 

Partly defoliated. 

Transcendent , , 
Wealthy,.. 

McIntOOT 

YellowTransparent 

Sodium 

arsenite. 

1-1,000 . .. 

None . . . 

Very slight. . 

None 

.Very slight. . . 

Moderate. 

Very bad 

Bad. 

Do. 

Transcendent. ., . . . 

Wealthy 

McIntosh 

YellowTransparent 

Sodium 
arsenite 
plus soap. 

I - 1 ,000 
(14.4 gm. 
in 2 li- 
ters). 

fNone . . 
j do. 

jVery slight 
(.None 

Slight. 

Moderate. 

Partly defoliated. 
Defoliated. 

Transcendent. . . 

Wealthy 

McIntosh 

YellowTransparent 

Sodium 

arsenite. 

1-500. . . 

Slight 

None 

Moderate .... 
.Slight 

Bad. 

Very bad. 

Partly defoliated. 
Very bad. 

Transcendent 

Wealthy 

McIntosh 

YellowTransparent 

Sodium 
arsenite 
plus soap. 

1-500 (14.4 
gm. in 2 
liters). 

fVery slight 

I None .... 

Slight. .. 
(None 

Very bad. 
Part^defoliated . 

Defoliated. 


Whether the under surface of apple leaves is more susceptible to in> 
jury because of the greater prevalence of stomata or because of a thinner 
or more permeable cuticle is yet to be determined. We are inclined to 
the latter view. 

To determine if this greater protection of the upper epidermis is found 
also in other plants the leaves of a dozen different shrubs and trees on 
the college campus were painted with sodium arsenite and soap in dif- 
ferent strengths. The procedure was the same as described for apple 
on page 515. These plants are as follows: Alder, barberry (common, 
green), birch (white), box elder, buckthorn (English), chokecherry, dog- 
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wood, lilac (purple), lilac (white), maple (Norway), Siberian pea tree, 
willow (golden). Repeated tests showed that in all species tested the 
upper epidermis is decidedly more protective against arsenical injury 
than the lower. 


RELATIVE INJURIOUSNESS OF ARSENICAL CHEMICALS 

When a number of arsenical compounds are sprayed upon plants the 
relative injury done by them may be influenced by two factors, (i) their 
relative solubility and ( 2 ) their relative toxicity to tlie plants treated. 
It so happens that with reference to solubility, arsenical compounds 
fall into two fairly well defined groups, those that dissolve readily in a 
relatively small amount of cold water and those that are only slightly 
soluble in cold water. The former we will for convenience designate as 
the soluble arsenical compounds and the latter as the insoluble arsenical 
compounds, it being fully recognized that a small amount goes into solu- 
tion while the greater part remains undissolved when used in spraying 
work. 

readily soluble ARSENICAL COMPOUNDS 


Compounds of this class can not be used for spraying plants to con- 
trol insect pests owing to the injury done when enough is applied to 
kill the insects. Their practical significance in this connection lies in 
their utility as weed killers and in the possibility of their presence as 
impurities in the so-called insoluble arsenical insecticides. Their tox- 
icity may be compared on either of two bases, (i) using equal parts by 
weight of the different chemicals or ( 2 ) such amounts of them as will 
contain equal amounts of arsenic. Our experiments included tests on 
both these bases. 

The results shown in Tables VI and VII correspond very well with 
those that were usually found in the many tests of these compounds. 
It will be noted that on the basis of toxicity whether equal weights of 
the chemicals be used per liter or amounts to contain equal weights of 
arsenic, these compounds may be divided into three groups; cacodylic 
acid and the cacodylates are most toxic, the arsenites and arsenic acid 
next, and the arsenates least. Ammonium arsenate constitutes one ex- 
ception, as it causes injury equal to the arsenites. Ammonium arsenite 
was used a little, but is unsatisfactory owing to its instability. 


Tables VI. — Apple sprayed with soluble arsenical compound}, using the same number of 

grams for 2 liters 


Injury. 


Chemical. 


Concentration j Concentration i lo I Concentration 
I to 10,000 5*000 I 1 to a, 000 


I 


Acid, arsenic 

Acid, cacodylic 

Ammonium arsenate. . 
Potassium arsenate. . . 
Potassium arsenite — 
Pottesium cacodylate. 

Sodium arsenate 

Sodium arsenite 

Sodium cacodylate . . 


None . 
Moderate. 
None 
. .do . 

. .do. . . 

. .do . . 

. .do .. 

. .do. . . . 
. do . 


Slight . 
Moderate . ... 

do . 

None 

Very slight 
Moderate 

None 

Very slight 
Moderate . 


Bad. 

Very bad 
Bad. 

Moderate. 

Bad. 

Very bad. 

Slight. 

Bad. 

Very bad 
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TablK VII . — Apple and tomato sprayed mth soluble arsenical cornpounds in amounts to 
contain 7.5 gm. of arsenic tn 2 liters of solution 


Chemical. 

Injury. 

Apple. 

Tomato. 

Acid, arsenic 

Acid, cacodylic 

Ammonium arsenate . 

Potassium arsenate 

Potassium arsenite 

Potassium cacodylate 

Sodium arsenate 

^dium arsenite . . 

Sodium cacodylate 

Very bad 

Defoliated. 

Partly defoliated 

Bad 

Partly defoliated 
Defoliated 

Moderate 

Partly defoliated 
Defoliated , 

Veiy bad 

Partly defoliated. 
Very bad. 

Bad 

Very bad. 

Partly defoliated. 

Bad 

Very bad. 

Nearly defoliated. 


Cacodylic acid and the cacodylates probably never occur in insecticides 
and are too expensive to be used as weed killers, and are therefore of more 
theoretical than practical interest. The scientific interest which they 
have in this connection lies chiefly in their very high toxicity to higher 
plant life and relative low toxicity to higher animal life. Cushny ( 6 ) 
states : 

Tlic action being due to the ion and not to the element . organic arsenic combi- 
nations in which the metallic atom is directly attached to the carbon atom are only 
feebly poisonous. The earliest of these is sodium cacodylate, ( 0113)2 AsOONa. 

Merck’s Index {20) states also : 

The cacodylates (which see) are now largely used instead of the alkali arsenites, as 
the former are far less toxic. 

It has Vieen stated on high authority {2 3) that — 

Arsenious acid is extremely poisonous, whereas many, both of higher and of the lower 
plants, can withstand large doses of arsenic acid and can accumulate large quantities 
of arsenic when supplied to them in this fonn 

This statement, while perhaps true under some conditions, is wholly 
misleading if applied to spray mixtures. 

NEARI^Y INSOEUBbE ARSENICAE COMPOUNDS 

Turning to the arsenical compounds that are but slightly soluble, we 
find the comparison more difficult. In the first place it is hard to get 
these chemicals that are pure and of definite composition, and in some 
instances they are not fully named. For example, a “lead arsenate’" 
may be diplumbic ortho-lead arsenate or triplumbic ortho-lead arsenate 
or a mixture of the two, and neither the label nor the statement of the 
manufacturers reveals which of the three it is. Indeed, it is doubtful if 
an absolutely pure diplumbic or triplumbic lead arsenate is now on the 
market. Then, too, some of these chemicals are so slightly injurious that 
they cause no injury except under such conditions as will permit the 
more injurious ones to nearly or quite defoliate the plants or branches, 
making fine comparisons difficult. Furthermore, the number of chemi- 
cals in this group is so large, especially if we use several brands of the 
more important ones, that no single series of comparative tests is likely 
to be reliable throughout, owing to individual differences in the plants 
used, unless several are sprayed at the same time with each mixture. 
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making a series so large that tlie last must be applied much latei* than 
the first. Table VIII will, however, give a nearly correct idea of their 
relative injuriousness. Under the conditions governing these experi- 
ments it should be constantly kept in mind that these results might be 
different if other brands of the chemicals were used or if climatic conditions 
were different. 

If we consider the results shown in this table and also those from many 
other spraying tests, we come to the conclusion that the order of injuri- 
ousness of the chemicals listed in Table VIII when sprayed on to foliage 
under our conditions is as follows : 

1. Calcium arsenite. 

2. Arsenic trisulphid. 

3. Barium arsenate. 

4. Calcium arsenate. 

5. Uead arsenite. 

6. Copper aceto-arsenite. 

7. Arsenic disulphid. 

8. Arsenic trioxid. 

9. Zinc arsenite. 

10. Lead arsenate diplunibic. 

11. Lead arsenate triplumbic. 

12. Ferrous arsenate. 


Tabu? VIII - Results of spraying different plants with i'nsoluble' ' arsenical compounds 
tn such amounts as to give equal weight of arsenic to 2,000 cc. water to show relative 
toxicity 


Chemical 

Injury to bean, 
May 3, 1915 (i 
gram arsenic in 

3 liters of water) 

Injury to apple, 
June 18, 191s (-2 
yrains arsenic in 

3 liters, of water) 

Injury to tomato, 
Auii. M, 191^ (i 
grams arsenic in 
t liters of water) 

Arsenic trioxid, Baker 

Very slight. 

None . . 

None. 

Arsenic disulphid, Merck 

do 

do 

Do 

Arsenic trisulphid, Baker 

Bad 

Slight 

Very bad 

Barium arsenate y Adler . 

Moderate 

Moderate 

Bad 

Calcium arsenate, Merck . 

do 

do . 

Moderate 

Calcium arsenite, Baker 

Defoliated 

Partly defo- 
liated. 

Partly defo- 

liated. 

Ferrous arsenate, Merck 

Very slight. 

None 

None. 

Lead arsenate, diplumbic, Baker . 

do . . 

do.. 

Do 

Lead arsenite, Merck . i 


do . 

\'ery slight 

Lead arsenate, triplumbic, Baker i 

None 

do. . 

None 

Paris green, Baker 

Moderate 

Moderate 

Do. 

Zinc arsenite, “Ortho 40” . 

Very slight. 

Slight 

None 


Probably the most striking fact brought out by this phase of tlie work 
is that arsenic trioxid may be applied with so little injury. It is well 
known that this compound has been kept out of general use by the injury 
it has caused under field and orchard conditions in other localities. We 
have sprayed both apple and several herbaceous plants many times and 
on many dates during a period of several years and have never found it 
especially injurious if the mixture was applied as soon as prepared. This 
might not be true in localities with a high humidity. Even the freshly 
prepared amorphous form which is more soluble than the crystalline form 
has given less injury than the majority of the slightly soluble arsenical 
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compounds, and indeed it was scarcely more injurious than the crystalline 
form. 

On the other hand, it seems surprising that calcium arsenite could have 
remained in use as an insecticide for so long as it did. It has gradually 
been abandoned, partly because of its burning of the foliage and partly 
because some time is consumed in its preparation according to the Kedzie 
(Woodworth and Colby (57)) or the Ogore (14) formulas, which are the 
ones most generally followed. We have tried three different brands, one 
of them especially prepared for our use, besides the home<made articles 
prepared after the Kedzie and the Kilgore formulas, and are left no other 
alternative than to place it at the head of the list of slightly soluble arsen- 
ical compounds, considered from the standpoint of injurious properties. 
Indeed, used in strengths to contain equal amounts of arsenic, the home- 
made calcium arsenites were even more harmful than the Baker brand 
on which we based most of our work. 

To determine the variability of compounds supposed to be identical, 
tests were made with different brands of calcium arsenite, lead arsenate, 
zinc arsenite, and arsenic trioxid, using four brands of calcium arsenite, 
4.9 gm. to 2 liters of water, and applying to apple foliage. Of the 
four, one* caused in a typical case moderate injury; the second,® very 
slight; the third,® bad; and the fourth,’ very slight. In this case there 
was no consistent relation between the arsenic content of the different 
brands and the amount of injury produced. 

More than 30 brands of lead arsenate were tried. Some were supposed 
to be diplumbic, others triplumbic, and others mixtures of the two, while 
still others gave no clue without chemical analysis as' to their kind. 
Some were paste and others were dry. Some were prepared for use as 
insecticides and others as pure chemicals for technical use. It is doubtful 
if the results of these tests merit publication in tabular form. Marked 
differences were found, to be sure, but as some factories do not put out a 
uniform product, and as others have changed their processes of manu- 
facture since the tests were made, and still others will doubtless do so in 
the near future, such a list could not safely be used as a basis for selecting 
lead arsenates for orchard spraying. The same could, perhaps, be said 
also of the calcium arsenites and zinc arsenites discussed above. The 
important point is that lead arsenates do vary in composition, as indicated 
by their analyses and by their injurious properties, even though the labds 
would not indicate the fact. 

It is generally believed that diplumbic lead arsenate has a greater 
tendency to injure foliage than the triplumbic form. This is doubtless 
true in a general way, but we have had some brands of the diplumbic that 
were just as safe to use as most of the brands of triplumbic arsenate. 

Four lots of arsenic trioxid were compared, a crystalline form and an 
amorphous form from one manufacturer,® a crystalline form from an- 
other,® and a crystalline form taken direct from the arsenic retainer of 
a smelter'® situated at Anaconda, Mont. In addition, an arsenic trioxid 
paste wag made from each of these four by grinding the dry powder in a 
mortar with a little water. This was allow^ to stand a wei or more 
before using. The injury caused by these various lots of arsenic trioxid 
was practically equal. 


. <Adl«r’s. T.B«ker. 

* California Spray Co.*s “Ortho 40.“ • Merck. 

* Sherwin^WilHam’s. ** The Washoe. 

* Thomsoti’s. 
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EFFECTS OF ADDING OTHER INSECTICIDES, LIME, ETC. 

In orchard, field, and garden practice it is often desired to add various 
substances to arsenical spraying mixtures. These substances are of 
various kinds: Other insecticides, or fungicides for combination sprays, 
soap, or other colloidal substances for an adhesive or “spreader*' on such 
plants as cabbage and sugar beet to retard the settling of the arsenical 
suspension, as recommended by Parker { 22 ), or various materials to lessen 
the tendency to bum the foliage. 

LIME suephur 

The addition of lime sulphur to kill scale insects or to prevent apple 
scab is often desirable. This substance brings about a chemical reaction 
with most arsenical insecticides, and it is of interest to know whether the 
insecticidal and fungicidal properties of either or both are destroyed and 
whether the tendency to bum the foliage is increased or decreased. The 
first of these questions has been quite thoroughly discussed by Cordley 
(4) and Melander { 18 ) and is hardly within the province of this paper. 
The effect of lime sulphur on the injury caused by the different arsenicals 
is shown in Table IX. The tests from which this table was prepared ran 
through three seasons and were carried on in four different parts of the 
State. Several brands of the chemicals were used. The arsenicals were 
used in such strengths as to contain eitlier i or 2 grams of arsenic for 
each 2 liters of water. The lime sulphur (factory boiled) was added at 
the rate of 77 cc. of 28° Baum^ in every 2 liters of mixture. If in 
any case the lime sulphur (control) alone caused injury, the series was 
rejected, but this was extremely rare. 

Table IX. — Effects of lime sulphur on the burning properties of various arsenical com- 
pounds 


Arsenical compounds to which 
lime sulphur was added 


Arsenic trioxids r 

Arsenic disulphid 
Arsenic trisulphids. 

Barium arsenate 

Calcium arscnites 
Copper aceto-arsenite . . 

Ferrous arsenates 

Lead arsenates, triplunibic 
Lead arsenates, diplumbic . 
Lead arsenates, mixtures . 
Zinc arsenites 




Number 

1 Number 


Number 

of 

Number 

Number 

of times 

1 of times 

Number 

times 

of 

ofappli- 

injury 

' injury 

of times 

no 

brands. 

cations. 

in- 

creased. 

de- 

creased 

the same 

injury 
with or 
without. 

2 

3 ! 

2 

0 

I 

0 

I 

2 

2 

0 

0 

0 

2 

4 

i 3 

0 

I 

0 

I 

I 

0 

i 0 

I 

0 

3 

16 

2 

i 9 

3 

2 

2 

20 

12 

1 2 

2 

4 

3 

S i 

0 

I 

0 

7 

8 

52 

25 

0 

I 

26 

13 

85 

36 

0 

0 

49 

10 

27 

^5 

0 

1 

11 

6 

42 

10 

3 

2 

27 


From Table IX it may be seen that lime sulphur causes an increase in 
the injury produced by most arsenical compounds. This is especially 
true of copper aceto-arsenite, the lead arsenates and zinc arsenite. 
With calcium arsenite, however, it usually causes a reduction in the, 
amount of injury, though not to such an extent as to make this compound 
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safe to use. Even with lime sulphur added calcium arsenite does more 
damage to the foliage than any other arsenical in the list given in Table IX. 

We have given some attention to finding an explanation for the re- 
duced injury by calcium arsenite when lime sulphur is added. As a 
principle of physical chemistry, the lime sulphur containing calcium 
sulphids, which are more readily soluble than calcium arsenite, would 
be expected to prevent to some extent the ionization of the less soluble 
salt. If this were the only consideration involved, other soluble calcium 
salts would be expected to have the same effect. To test this experi- 
mentally we added calcium nitrate to certain lots of calcium arsenite 
suspension, and calcium chlorid to other lots. These were sprayed upon 
tomato, bean, and cucumber plants in comparison with calcium arsenite 
alone and calcium nitrate and calcium chlorid alone. In almost every 
instance the injury was increased slightly by the addition of the nitrate 
and chlorid, though these compounds in themselves caused no injury. 
After repeated tests we decided that other factors than the restraint of 
ionization must enter in. This question is now receiving further study. 

TOBACCO EXTRACT 

This insecticide has come into quite general use for the control of plant 
lice. It will often save the labor of one spraying application to combine 
it with an arsenical spray mixture. The results of such combination in 
injury to the foliage are shown in Table X. The conditions under which 
the tests there recorded were carried on as to dates, localities, arsenical 
chemicals, etc., are essentially as described on page 521. The tobacco 
extract is the “Black Leaf 40.“ It was used at the rate of 2.5 cc. to 
each 2 liters of water. 

It is evident from Table X that the effect of tobacco extract upon the 
injurious properties of the arsenical compounds is not marked. It is 
probable that we may safely state that it does not increase the injury 
with any of the arsenicals tested, to such an extent as to make its use 
undesirable and on the other hand it does not decrease the injury in any 
case enough to make this an important consideration. 


TABlyE X . — Effects of tobacco extract on the burning properties of various arsenical 

compounds 








Number 

Arsenical compounds to which tobacco 

Number 

Number 
of appli- 
cations. 

Number 
of times 

Number 
of times 

Number 
of times 
injury 
was the 

of times 
there was 
no injury 

extract was added. 

of brands 

injury 

injury 

with or 



increased 

decreased. 

without 







the 

extract. 

Arsenic trioxids ... 

2 

2 

0 

0 

I 

I 

Arsenic disulpliid . 

I 

I 

I 

0 

0 

0 

Arsenic trisulphids. . 

2 

4 

0 

I 

I 

2 

Barium arsenate 

I 

2 

2 

0 

0 

0 

Calcium arsenites. . . 

3 

22 

3 

7 

9 

3 

Copper aceto arsenites 

2 

20 

2 

6 

4 

8 

Ferrous arsenates 

3 

15 

I 

0 

I 

13 

Lead arsenates, triplumbic . . . 

7 

62 

3 

2 

0 

57 

Lead arsenates, diplumbic 

13 

97 

5 

3 

2 

87 

Lead arsenates, mixtures . . . 
Zinc arsenites 

xo 

28 

2 

0 

0 

26 

6 

5a 

8 

3 

10 

31 
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SOAP 

In spraying some plants, for example, cabbage, and to a less extent 
sugar beet, the spray mixture does not spread on the surface of the leaf 
and adhere, but rolls off in droplets, leaving most of the surface unpro- 
tected. It has been found that the addition of soap will nearly or quite 
obviate this. Furthermore, Parker {22) has shown that soap will very 
materially retard the settling of lead arsenate from its suspension in 
watei*. The natural tendency of soap to increase the solubility of the 
slightly soluble arsenical compounds is well recognized and the question 
arises, will this result in an increased tendency to injure the foliage on 
the part of some or all of the arsenical insecticides ? 

During this investigation several different kinds of soap were tried 
and several strengths were used, but in the tests recorded in Tables XI 
and XII one brand was used exclusively, 14.4 gm. being added to 
each 2 liters of spray mixture. The arsenical chemicals were the same 
in kind and strength as recorded on page 521. 


Tabl® XI. — Effects of soap on the burning properties of various ” insoluble** arsenical 

compounds 








Number 

Arsenical compounds to which soap 
was added. 

Number 
of brands 

Numbci 
of appli- 
cations 

Number 
of times 
injury in- 
creased 

Number 
of times 
injury de- 
creased 

Number 
of tixhes 
injury 
was the 
same 

of times 
there was 
no injury 
with or 
without 
the soap 

Arsenic trioxids 

4 

105 

16 

7 

II 

71 

Arsenic disulphids . . 

I 

14 

a 

0 


xa 

Arsenic trisulphids 

2 

17 

9 

I 

3 

4 

Barium arsenates 

I 

9 

4 

X 

4 

0 

Calcium arsenates . 

I 

77 

48 

6 

17 

6 

Calcium arsenites . . 

3 

123 

27 

28 

63 

5 

Copper aceto arsenites . 

2 

123 

8 

64 

28 

23 

Ferrous arsenates 

3 

29 

I 

0 

0 

28 

Lead arsenates, triplumbic. 

8 

95 

13 

I 

0 

81 

I^ead arsenates, diplumbic 

13 

140 

56 

0 

I 

83 

Lead arsenates, mixtures . . . 

10 

57 

19 

0 

0 

38 

l^ad arsenite 

I 

5 

4 

0 

0 

I 

Zinc arsenites 

6 

90 


10 

17 

5a 


Table XI shows that of the “insoluble’' arsenicals tested all but three 
cause greater injury if soap is added. This increased injury is most 
conspicuous in the lead arsenates. Of these, 8 brands were triplumbic, 
13 diplumbic, and 10 were probably mixtures of both. The increase of 
injury through the addition of soap is a little more pronounced with the 
diplumbic than with the triplumbic arsenates, but the difference is not 
so great as some have supposed. 

One of the most surprising observations made in this phase of the 
investigation is the reduction in injury caused by copper aceto-arsenite 
when soap is added. 

Not all brands of soap give the same results when combined with 
arsenical spray mixtures. Some appear to retard the injury by copper 
aceto-arsenite more than others, and they vary in the degree to which 
they increase the injury by lead arsenates and other compounds. Neither 
do they show equal power to keep lead arsenate in suspension. While 


11 ** Diamond C " 
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considerable work was done with different soaps, i8 in number, the re- 
sults were not suflQciently consistent and conclusive to warrant a detailed 
statement concerning them. It seems probable that the product of 
some of the soap factories is not uniform, and the number of brands on 
the market is great and the assortment found in different parts of the 
country varies so much that it seemed inadvisable to attempt to study 
them fully. However, it may at least be said that some quite con- 
sistently give bad results with the arsenicals and others are relatively 
harmless, while still others are variable. The brand most used in this 
investigation was rather consistent and intermediate in its effect 
upon the arsenicals. 

Soap appears to have some effect also upon the injurious properties 
of the soluble arsenical compounds, as shown in Table XII. This tend- 
ency is in general toward reduction when soap is added, but it is not so 
marked as to have great significance. Perhaps the more even spread 
on the leaf surface would account for it. 


TabIvB XII . — Ejects of soap on the burning properties of soluble arsenical compounds 


Soluble arsenical compounds to which 
soap was added. 

Number 
of appli- 
cations. 

Number 
of times 
injury 
increase. 

Number 
of times 
mjury 
decreased. 

Number 
of times 
injury was 
the same. 

Number 
of times 
there was 
no injury 
with or 
without 
soap. 

Arsenic acid 

9 

O 

4 

3 

I 

Ammonium arsenate 

7 

O 

2 

3 

a 

Cacodylic acid 

3 

O 

o 

3 

o 

Potassium arsenate 

7 

O 

4 

o 

3 

Potassium arsenite 

8 

X 

3 

4 

o 

Potassium cacodylate 

5 

2 

I 

I 

X 

Sodium arsenate 

lO 

O 

3 

3 

4 

Sodium arsenite 

1 9 

I 

2 

I 4 

a 

Sodium cacodylate 

! 5 

o 

I 

a 

a 


UME-SUI^PHUR AND TOBACCO EXTRACT 

It may be at times desirable to add both lime sulphur and tobacco 
extract to lead arsenate or other arsenical spray mixtures, provided the 
efficiency of neither is destroyed and the resulting mixture is not danger- 
ous to foliage. 


Tabi«E XIII . — Effects of Ume sulphur and tobacco extract on the burning properties of 
various arsenical compounds 


Arsenical compounds to whi^ lima 
sulphur and tobacco extract were 
added. 

Number 
of brands. 

Number 
of appli- 
cations. 

Number 
of times 
injury 
incraas^ 

Number 
of times 
injury 
decstttsed. 

Number 
of times 
injury 
was the 
sflune. 

Number 
of times 
there was 
no injury 
with or 
without 
soap. 

Arsenic trioxids 

X 

2 

0 

0 

0 

a 

Calcium arsenites. 

X 

XO 

0 

7 

a 

z 

Copper aceto>arsenite 

X 

x6 

7 

X 

4 

4 

Ferrous arsenites 

1 

a 

I 

0 

0 

X 

bead arsenates, triplumbic. . . 

4 

38 

<9 

0 

0 

^9 

X^ad arsenates, diplumbic 

9 

58 

as 

X 

0 

3a 

bead arsenates, mixture 

6 

xa 

la 

0 

0 

0 

Zinc arsetiite 

a 

30 

10 

4 

0 

16 


** ** Diamond C." 
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A comparison of Tables IX and XIII leads to the conclusion that the 
addition of lime>sulphur and tobacco extract to arsenical spray mixtures 
has practically the same effect upon the foliage as lime sulphur alone. 

Arsenic trisulphid may constitute an exception, but our tests with this 
compound combined with both tobacco extract and soap are too few to 
be conclusive. It is doubtful, however, if the trisulphid will ever come 
into general use as an insecticide. 

UMB SUhPHUR, TOBACCO EXTRACT, AND SOAP 

This combination with arsenical compounds is not a desirable one as it 
often forms a curdled mass that is difficult to apply to the foliage. It 
also has a greater tendency to injure the foliage than any other combi- 
nation we have tried. Calcium arsenite in combination with these three 
substances is the only exception, as may be seen by Table XIV. 

TabliS XIV . — Effects of lime-sulphur, tobacco extract, and soap upon the burning properties 
of various arsenical compounds 


Arsenical compounds to which Ume> 
sulphur, tobacco extract, and soap 
were added 

Number 
of brands 

Number 
of appU> 
cations. 

Number 
of times 
injury 
increased 

Number 
of times 
injury 
decreased. 

Number 
of times 
injury was 
the same. 

Number 
of times 
there was 
no iniury 
with or 
without 
soap. 

Arsenic trioxids. 

i ^ 

i 5 

3 

1 

0 

I 

Arsenic disulphid. 

I 

2 

2 

0 

0 

0 

Arsenic trisulphids. ' 

2 

5 

5 

0 

0 

0 

Barium arsenate j 

1 

I 

0 

0 

I 

0 

Calcium arsenites 1 

3 

*7 

2 

8 

4 

3 

Copper accto-arsenites . 

2 

20 

12 

2 

3 

3 

Ferrous arsenates 

3 

8 

2 

1 

0 

5 

Lead arsenates, triplumbic 

8 

51 

29 

0 

0 

22 

Lead arsenates, diplumbic 

13 

84 

57 

0 

0 

27 

Lead arsenates, mixtures 

11 

30 

26 

0 

0 

4 

Zinc arsenites . . 

6 

40 

17 

1 

1 

1 1' 


GEBATIN, AGAR, AND MIl,K 

While soap is probably the best material known to make spray mixtures 
spread on leaves of cabbage, sugar beets, etc., where there is a tendency 
to roll off the smooth or waxy surface, its tendency to increase injury 
by most arsenical compounds gives an incentive to search for some other 
spreader. Moore (21) has given a very thorough discussion of the 
principles and practices of spreaders in spra3dng work, and a full bibli- 
ography of the subject. Gelatin, agar, and separated milk, having 
possibiHties along this line, were tested in our work with various arsenical 
compounds to determine if they would influence the burning. 

The gelatin was used in strengths of o.i per cent and 0.4 per cent 
(i. e., I and 4 grams to the liter). The agar was used in strengths 
of o.oi and 0,04 per cent. The separated milk was used in strengths 
of O.I per cent and 0.4 per cent. Various arsenical spray mixtures, 
including lead arsenate, Paris green, and calcium arsenite, were tried 
singly and in combination with these three “spreaders” both on green- 
house plants and in the fleld, and also in the orchard. Repeated experi-^ 
ments showed no tendency on the part of these materials to increase 
the arsenical injury, and while they are not so efficient as soap in pro- 
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moting the adhesion of the mixture, yet they may be regarded*^ very 
serviceable. The agar in strengths used increased the spreading 
power least and would have to be used much stronger, perhaps o.i 
per cent, but gelatin 0.4 per cent and milk 0.4 per cent were quite satis- 
factory for sugar beets, though only moderately so for cabbage. 

I^IME 

It has been recommended by Kilgore (14) that lime be added to 
Paris green and other arsenicals to restrain the injurious action on the 
folt£^. 

On tomatoes and beans in the greenhouse we have tested quite 
thoroughly unslaked lime with calcium arsenite and, with fewer repeti- 
tions, with lead arsenate (Corona) and with Paris green. Quite con- 
sistently the use of lime has very materially reduced the burning action 
of these three arsenical compounds as shown by Table XV. 

TabuiS XV . — Effect of lime in combination with arsenical compounds 


Date. 

Plant. 

Chemical. 

Amount 
in a liters 

Dime 

Injury. 



i 

Gms. 

Gtns. 


July 25, 1917 . 

Tomato. 

Calcium arsenite . 

1.9 

None. 

Bad. 

Do 

do 

' . . do . 

I. 9 

4 6 

Do 

Do 

do 

do 

3 - 9 

None 

Defoliated 

Do 

do . . 

do . . 

3*9 

4. 6 

Partly defoliated 

Sept 3, 1917 

do 

do 

2 0 

None. 

Moderate. 

Do . 

. do 

do . . 

2. 0 

9.0 

Slight. 

Do 

.do 

do 

3 9 

None 

Ptully defoliated. 

Do 

do 

do 

3 - 9 

9 

Moderate 

Mar. 3, 1918 

Bean . . 

Lead arsenate 

9 7 

None. 

Very slight 


(Corona). 


Do 

. do . 

... do 

9 - 7 

9 * 7 

None 

Do 

do 

do 

19. 5 

None. 

Moderate. 

Do 

do . 

.do . , 

19 5 

19- 5 

None. 

Do 

Tomato . 

.. .do 

9 7 

None. 1 

Slight. 

Do . 

.do. . . . 

... do 

9 - 7 

9 - 7 1 

None. 

Do . 

. do 

do . . 

19 5 

None. 

Moderate 

Do. . 

do ... 

... do . 

19 - 5 

19* 5 ! 

None. 

Sept 3, 1917 

Do . , 

. do . . 

Paris green 

6.9 

None, i 

Bad. 

do . . 

.do 

6 9 

6 9 1 

Slight. 

Do . 

do . . 

.do . 

9. 2 

None. ! 

Very bad. 

Do ... 

. . do 

.do ... 

9.2 

9.0 { 

Slight. 


FERROUS SUUPHID 

Volck (54) especially has advocated the use of ferrous sulphid to 
decrease the burning effect of zinc arsenite. We have used this com- 
pound (7.2 gm. to 2 liters) many times in combination with different 
brands of calcium arsenite and of zinc arsenite and have found no gen- 
eral benefit in restraining the injury to the foliage. Usually the injury 
with and without the ferrous sulphid was the same, but occasionally 
it was a little more or a little less if the iron salt was added. 

EFFECTS OF GETTING MIXTURES STAND BEFORE APPLYING 

In the case of that group of arsenicals that are but slightly soluble in 
‘ water and are often c^led “insoluble,'* one would naturally expect that 
if the suspension were applied as a spray as soon as mixed the amount 
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in solution would be less than if allowed to stand for some time and the 
injury correspondingly less. To what extent this principle will operate 
can be determined by experim^t only. 

To this end we have made repeated trials with arsenic trioxide and a 
few with calcium arsenite, calcium arsenate, lead arsenate, and Paris 
green. 

Quite without exception the burning by arsenic trioxide steadily 
increased as the mixture was allowed to stand. Table XVI illustrates 
a typical demonstration of this fact. In this case suspensions of arsenic 
trioxide (2.6 gm. in 2 liters) were prepared at different intervals so 
spaced that all would be ready for spra5H[ng at the same time, having stood 
the time periods indicated in the left hand column of the table. These 
suspensions after mixing were kept in an incubator at blood temperature 
and were stirred at intervals of about six hours, day and night. At the 
time of spra)dng the suspensions were thoroughly shaken and a small 
sample removed and filtered through Swedish filter paper, and the 
filtrate analyzed. The remainder was sprayed upon tomato and bean 
plants in triplicate. 


Table XVI . — Effects of letting arsenic irioxul stand after mixing 


Time after mixing. 


Injury. 


in solution. 

Bean. 

Tomato. 

5 minutes 

Percent. 

0. 001392 
. 002784 

Slight 

None. 

I hour 

Moderate 

Do. 

2 hours 

. 006960 
. 0x2520 

Very bad 

Slight. 


Defoliated 

Moderate. 

8 hours 

. 016720 

..do 

Do. 

12 hours 

. 024128 

.... do 

Bad. 

24 hours 

. 032480 

Dead 

Very bad. 


Table XVI shows strikingly the progressive increase in burning by 
allowing arsenic trioxid to stand in suspension and the corresponding 
increase in the amount of the chemical that went into solution. Other 
experiments showed that this increase in injury as a result of standing 
continued for at least 48 hours and was strongly in evidence whether or 
not soap was added to the mixture. Kilgore (14) has shown that arsenic 
trioxid suspended in water continues to dissolve for 10 days. 

The tendency of calcium arsenite, calcium arsenate, lead arsenate, 
and Paris green to increase in burning power as a result of standing in 
suspension is relatively slight. 

EFFECTS OF REPEATED SPRAYING 

It is often necessary for the control of insect pests to spray plants or 
trees two or more times at intervals of a few days or weeks, and in such 
cases it is important to know it the second or later applications are 
espedaHy dang«ous from the standpoint of injury to the foliage. Clmton 
and Britton (^) showed that the second application of zinc arsemte may 
do very serious damage, even though the first did little or no harm. Om 
work TOth two brands of zinc arsenite, Thomson’s and “ Ortho 40,” 


» Balui*,. 

39368—23 7 
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strongly confirms this observation. Quite uniformly the second applica- 
tion did much more damage than the first, and indeed a strength of 3.2 
grams per liter, applied twice at intervals of about three weeks, did 
more harm than 6.4 grams applied once on either date. With calcium 
arsenite this tendency was noticeable but not nearly so pronounced as 
with zinc arsenite, while with lead arsenate and with copper aceto- 
arsenite there was but little more injury after the second spray than 
after the first. 

EFFECTS OF HUMIDITY 

That humidity is one of the great contributing factors in arsenical 
spray injury is one of the most striking facts constantly in evidence 
throughout this investigation. This observation is by no means new 
and had already been noted by Gillette (ii) and others; and certain 
manufacturers of lead arsenates have come to recognize the n^ssity 
of using safer mixtures on the Pacific coast and other humid regions 
than are required elsewhere. 

Even with these facts in mind, however, we were almost astonished 
at the difference in results on leaves kept in moist and dry air. To 
demonstrate if possible the effects of humidity, an extensive series of 
spray mixtures was applied about simultaneously in different parts of 
the State, including an apple orchard near Flathead Lake (Mont.), where 
the humidity is generally relatively high. As it happened, however, this 
section was unusually dry during the course of the experiment and 
much more so than in the other localities where tests were made. Not 
a* drop of rain fell for weeks and the dew point was not reached on a 
single night during the experiment. The days were rather hot, and 
wet and dry bulb thermometer readings made three times daily indicated 
a very low humidity every day and nearly every night. As a result 
almost none of the spray mixtures used caused any injury whatsoever. 
Kven calcium arsenite (2 gm. in 2 liters of water) caused only slight 
injury. In the majority of cases, including all localities and dates, 
this compound in h^f this strength caused very serious injury to apple 
foliage, and sometimes defoliation. 

A still more striking demonstration of the effects of humidity in extreme 
cases was made rej^atedly by spraying tomato and other plants in pots 
and covering certain ones with bell jars and keeping duplicates outside. 
Under these conditions the moisture transpired by the leaves kept the 
air under the bell jars saturated. . 

The pl^ts were all kept in diffused light in a basement laboratory to 
prevent rise of temperature under the b^ jars as would happen if kept in 
direct sunshine. The plants were kept in this condition for usually one 
or two days and aerated twice daily. The bell jars were then removed and 
all plants placed under like conditions in the greenhouse imtil the notes 
were taken. Table XVII is representative eff the results under these 
conditions. 

Probably nothing in the whole series of experiments on arsenical 
spraying is more sti^ng than the contrast of injury in dry air and in the 
saturated atmosphere under the bell jars, especially when soap is added. 
It might seem at first that the bell jar makes an extreme condition of 
humidity, but a saturated atmosphere out of doors is by no means unu'- 
sual, especially near large bodies of water, as on die Pacific coast and in 
the Great Lakes region. 
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^ABI»E XVII . — Showing the increased injury caused by a high humidity, procured by 
keeping sprayed tomato plants under Hell jars 


Chemical. 

Chemical 
in 3.000 
cc. 

Soap in 
3.000 oc. 

Cm. 

None. 

None. 

None. 

None. 

14.4 
None. 
28 8 
None. 

28.8 

None. 

14.4 

None. 

14.4 

Injury. 

Under bell jars. 

Not under bell jara 

Arsenic trioxid, Baker 

Do 

Calcium arsenite, Baker 

Calcium arsenite, Adler 

Do 

bead arsenate, Baker, acid. . . . 

Do 

Lead arsenate. Baker, ortlio . . . 

Do 

Lead arsenate (Corona) 

Do 

Copper aceto-arsenite. Baker. . . 
Do 

Cm. 

li 

.6 
9-3 
9-3 
12. 0 

12. 0 

9-3 

9-3 

2.4 

2.4 

Slight . . 

... .do 

Dead .. . 

Very bad . 

.do , . . 

None 

Moderate . . . 

None 

Moderate ... . 

None 

Very bad 

Nearly dead. . . 
Very bad 

None. 

Do. 

Moderate. 

None. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Very slight. 


To determine if it makes a difference whether the plants were placed in 
the saturated atmosphere immediately after spraying or after drying a 
short time, some were put under bell jars for the first three days and then 
removed while others were not covered at once but inclosed the fourth, 
fifth, and sixth days; and likewise some were kept under bell jars the first 
day only, others the second day only, and still others the third day only. 
Reducing the time, in another experiment some were covered the first 
hour after spraying, others the third hour, others the first hour of the 
second day and still others the first hour of the fifth day. The results 
showed that a saturated atmosphere for even so short a period as one 
hour considerably increased the injury, though a longer time caused still 
more damage. Considering the results in all these experiments it 
appeared to make little difference at what time after spraying the plants 
were covered, if not more than a few days, provided the time spent in 
this saturated atmosphere was the same. 

It was noted that under the bell jars the plants were dripping with 
moisture; not only was the air saturated, but the surfaces of the plants 
were covered with films and drops of water. To learn if an increased 
amount of humidity is of significance when kept below the point of 
saturation, sets of tomato plants (three in a pot), were sprayed and dried, 
then one set was put under a tightly closed bell jar, one was put under a 
bell jar with the stopper removed and with a tiny crack underneath, and 
a ^rd was left outside. All were kept in strong diffused light. 

Under the jar with the stopper removed were placed wet and dry bulb 
thermometers and a tiny fan run by a toy motor. This was used to fan 
the wet bulb for one minute before reading the temperature. 

The procedure was to spray 9 tomato plants, three sets of 3 in a pot, 
with the same mixture, let them dry for a few minutes, then inclose one 
set tightly under a bell jar 8 by 16 inches on a ground glass plate, inclose 
another set under a bell jar slightly open at the top and bottom as des- 
cribed above, and Iseep the third set on the table beside them without 
covering. After standing under these conditions for three days the 
plants were all carried to the adjoining greenhouse, where they were left 
uncovered for about 10 days, after which notes were taken. 
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Six such experiments were carried out, of which the one shown in 
Table XVIII is representative. In this case the plants were sprayed with 
calcium arsenite (1.95 gm., in 2 liters of water; no soap added). 

It will be seen that the humidity does not need to reach the saturation 
point (100 per cent relative humidity) to materially increase the injury 
over that in a drier atmosphere, although in the saturated atmosphere still 
greater injury was done. Presumably, other conditions being equal, the 
degree of injury will be in a certain relation to the relative humidity. 

Wetting the leaves at frequent intervals after spra)dng did not, how- 
ever, have the same effect as a humid atmosphere. 

Table XVIII . — Showing the increased injury caused by humidity produced by transpires 

tion under bell jars 




Temperatures. 

Coaditions. 

Time. 

Wet 

bulb. 

Dry 

bulb. 

Rdative 

humidity. 

Degree of injury. 

Under bell jar closed 

Under bell jar partly 

(“) 

8 a. m . . 

F. 

F. 

100 

Plant dead. 

58“ 

62® 

79 

closed. 

I p. m.. 

64 

66 

90 



Sp. m. 


66 

90 



8 a. m . . 
ip. m.. 

60 

64 

62 

66 

89 

90 

Fartly defoliated. 


1 

8 a. m . . 

64 

66 

90 



S6 

58 

89 



I p. m. . 

5® 

60 

89 


Not under bell jars 

8 a. m . . 

57 

60 

64 

68 

63 



I p. m. . 



sp. m.. 
8 a. m . . 
I p. m. . 

61 

70 

6i 



$6 

58 

64 

68 

60 

54 

Injury moderate. 


Sp. m.. 

59 

67 

62 



8 a. m . . 

S3 

69 

3* 



I p. m. . 

55 

61 

68 



• Tbroughout. 


Both in the greenhouse and out of doors sprayed foliag^was given 
a light application of water through a fine spray nozzle every few hours 
riiroughout the day. The surrounding air was hot and dry and the 
leaves dried off very soon after each application. Under these con- 
ditions, if no soap had been mixed with the arsenical, the injury was not 
in any case noticeably greater than on the control plants ^at were 
sprayed with the same arsenical but not sprayed with water afterwards. 
In case soap had been added there was a slight tendency to increase the 
injury by subsequent sprayings with water, but this injury was incom- 
parably less than produced by a humid atmosphere. 

EFFECTS OF SOIh MOISTURE 

As plants and trees can not always receive a sufficient amount of 
moisture through the roots it is but natural in spraying operations where 
foliage burning is liable to occur to raise the question as to whether or 
not a wilted condition of the leaves would affect the extent of injury. 


14 Baker's. 
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Greenhouse conditions have been found best for determining the answer, 
and we have made innumerable trials on tomatoes, beans, and other 
plants. When slightly or moderately wilted plants were sprayed in 
comparison with turgid ones, the resulting injury has been invariably 
practically the same. Any differences that have been noted were within 
the experimental error. The only cases in which there was a marked 
difference was when the wilting was so extreme and so long continued 
that the leaves were practically dying. 

EFFECTS OF TEMPERATURE 

A factor that might be supposed to affect arsenical injury is the 
temperature of the leaves and the surrounding air. In an effort to 
determine the effect of temperature upon the extent of injury to plants 
sprayed with arsenicals several series were run in a differential thermostat. 
This consisted of a series of chambers in which were maintained tem- 
peratures varying from 5° to 40° C. Light was admitted through glass 
at the top. Sprayed tomato and cucumber plants were placed in this 
thermostat for two days and then transferred to an open bench in the 
greenhouse. 

The arsenicals used were diplumbic lead arsenate and Paris green. 

It was found that between 5° and 15® C. there was little difference in 
the injury. From 15° to 25° tlie injury materially increased. Above 
25® there was apparently a marked increase in the injury, but the 
unsprayed controls could not be kept in a healthy condition at these 
temperatures. Hence the records on the arsenical injury to sprayed 
plants at corresponding temperatures were of doubtful value. 

These experiments show that an elevation of temperature increases 
the injury, but we wish to emphasize that under field and orchard con- 
ditions temperature is of minor importance as compared with humidity. 

EFFECTS OF WOUNDING 

In connection with studies made on the effects of arsenical compounds 
on the bark of fruit trees, we have shown (29, 30 ) that the all-important 
factor in determining whether or not injury will occur is the integrity of 
the outer corky layers of the bark, i. e., whether or not this has natural 
or artificial openings. Are wounds important in determining the 
extent of injury through the foliage? We have often noticed that 
there is an excessive injury at the margins of the wounds made by hail 
stones, whipping by the wind, and other mechanical agencies. In some 
instances we have purposely made such wounds before spraying. In 
some of these cases the injury was strictly confined to the margins of 
such wounds, but this was only where the arsenical treatment was mild. 
In some instances where the injury was confined to a few scattered spots 
there was evidence of a tiny puncture in each spot, revealed only by the 
aid of a lens. Wherever the arsenical treatment was so severe as to 
injure the foliage badly, there w^as every evidence of absorption directly 
through the unbroken epidermis. The injury at the margins of wounds 
is strictly local, usually making a brown strip about one-eighth of an 
inch wide and, except where such wounds were unusually extensive, this 
injury is of little practical importance. 


» Both Baker’s. 
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EFFECTS OF SHAKING BRANCHES AFTER SPRAYING 

Both in the practical orchard and held spraying and in experiment^ 
work tiiere is often more or less wind that shakes some of the Itqmd 
from the leaves. It is important to know, therefore, the extent to w&ch 
this will decrease the amount of arsenical injury to the foliage. In all 
the experimental work of this investigation the spraying was done when 
there was little or no wind, but this was probably an tmnecessary pre- 
caution. On several occasions apple limbs were sprayed in duplicate, one 
being shaken vigorously immediately afterwards and the other hanging 
quietly until the spray mixture had dried on. Similar experiments were 
conducted with potted plants in the greenhouse. In no case was there 
a marked reduction in the amount of burning and usually no difference 
could be detected. As this shaking removed the excess liquid from the 
leaves so much more quickly and thoroughly than an ordinary wind, it 
is fair to conclude that any wind not strong enough to practically pre- 
vent spraying operations will have no material effect on the amount of 
arsenical injury. 


EFFECTS OF LIGHT AND DARKNESS 

Three experiments were conducted to determine if light increases or 
decreases the amount of injury caused by arsenical spraying. 

Potted tomato plants were placed in a dark room in the evening. 
Early the next morning two were sprayed with calcium arsenite and put 
under bell jars in dark boxes wrapped with black cloth; two were 
sprayed and put under bell jars not in dark boxes, and unsprayed con- 
trols were kept under both these conditions. All boxes and bell jars 
were kept in a strong diffused light for two days and then the plants 
were removed and placed on a bench in the greenhouse. In two of the 
eYperimeute the injury to the sprayed plants was equally bad in the dark 
boxes and in the light. In the third, all the sprayed plants were killed, 
making comparisons impossible. The unsprayed plants remained in 
healthy condition. 


SIGNIFICANCE OF THE RESULTS 

The place of arsenical compounds in the category of insecticides is so 
important that we can not at present expect their replacement by any 
other group of chemicals. They have their faults, however, and among 
these is the marked tendency to injury of the crop they are intended to 
protect. It is therefore of prime importance to learn the factors that 
determine this injury and with this knowledge to reduce it to a mini- 
mum. Some of the existing beliefs regarding this injury are founded on 
fact, the difficulty being to know the extent of the tendency. Other 
beliefs appear to the based on a wrong conception. 

It has been found quite difficult to make exact statements concerning 
the toxicity of the different arsenicals because of the variability of their 
composition. This is especially true of the lead arsenates. Theoretically 
one might expect ortho, meta and pyro arsenates each in the form of 
monoplumbic, diplumbic, and triplumbic salts, a total of 9 possibilities. 
Actually the number that form is fewer, but, on the other hand, many 
commercial lead arsenates are not single salts of lead and an arsenic acid 
but a mixture of different lead arsenates. Furthermore, the product of 
a company may change from time to time, and even within a short 
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period different lots from the same factory may vary. It is encouraging 
that the product of certain companies is becoming stabilized^ and it is to 
be hoped that others win follow their example. At the present time, 
hwever, we can not make definite statements about lead arsenate 
without specif3dng the brand and lot. These remarks apply in some de- 
gree to zinc arsenite and calcium arsenite, while Paris green and arsenic 
trioxid are much more uniform in composition. 

It is rather surprising that calcium arsenate should ever have been 
used as extensively as it was some 20 years ago when one observes its 
tendency to bum foliage. To be sure, the competition with other 
arsenicals, e. g., lead arsenate, did not then exist, and in the less frequent 
injury by these compounds we find one of the chief causes of its pro- 
gressive abandonment. 

The most striking example of a poorly founded prejudice is the quite 
general belief that arsenic trioxid (common white arsenic) will bum 
foliage even when occurring as a very small impurity in other arsenicals. 
We are not able to explain fully this belief. Probably it lies partly in 
the fact that chemists expressed their findings of soluble arsenic in in- 
secticides in terms of “arsenious acid,” the reasons for which are not 
always clear to others. Probably also, the letting of the spray mixture 
stand for hours or days before applying increases the danger from arsenic 
trioxid more than from other arsenical compounds, and has been a factor. 
In any event, we feel that we have established quite conclusively that a 
freshly prepared suspension of arsenic trioxid is not particularly harmful 
to foliage, and we entertain a hope that this relatively cheap form of 
arsenic may come into general use for the control of certain insects. 
Of course its efficacy as an insecticide has yet to be determined. 

The hope expressed by Gillette (ji) that arsenic trisulphid wouid 
prove less injurious than the arsenical insecticides in common use, seems 
unlikely of realization, for, while this compound has a low solubility In 
pure water, it nevertheless causes considerable burning when sprayed 
upon foliage. 

In the selection of an arsenical insecticide for any crop to be sprayed, 
the entomologist will do well to consult the table of susceptibility on' 
page 512, for on some plants a mixture maybe used that would be quite 
destructive to others. 

The practice of adding to an arsenical spray mixture some other 
material to act as a supplementary insecticide or fungicide, or as a 
‘‘sticker” or “spreader,” or to decrease the tendency to injury, has been 
the subject of considerable controversy. Conspicuous among these 
materials is soap, which, in addition to being a spreader, has been shown by 
Parker {22) to be of considerable value in keeping lead arsenate in 
suspension. That soap increases the tendency to burning by nearly all 
“insoluble” arsenicals is clearly established (p. 523), but it is safe to say 
that the increase in burning tendency with lead arsenate is not sufficient 
to discourage its use on the more resistant plants such as cabbage, sugar 
beets, potatoes, and apple. It is indeed a fortunate circumstance that 
cabbage and sugar beets, on which a spreader is a necessity, are resistant 
enough to arsenical injury to make the use of soap permissible. It is 
likewise fortunate that soap has been found to actually decrease the 
injurious properties of Paris green, for gardeners may now rest assured 
that the addition of soap to it is not only permissible but desirable. 
Lime sulphur increases the injury by nearly all the arsenical insecticides 
in about the same degree that soap does, and must not be used in com- 
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bination with them on very tender foliage. The fact that lime sulphur 
dec! eases, the injury caused by calcium arsenite appears to be of only 
scientific interest, for even with this addition the burnii^ will be so 
severe that this arsenical is not useable under most circumstances. 
Tobacco extract gives no increase in the injury by any of the arsenicals. 

Of the environmental conditions, only humidity seems to be of large 
significance, for while the burning is increased in a measure by a rise in 
temperature, it is doubtful if this tendency is great enough within the 
range of temperatures encountered in the field to be entitl^ to practical 
consideration. The effect of humidity, however, can hardly be over- 
rated and must be given large consideration in all spraying operations. 
To be sure, this factor is not under the control of the orchardist and 
farmer, but he can make a fair estimate of the humidity that is likely 
to prevail following spraying in his locality, and be bold or cautious in 
the selection of his spraying material. 

The varying results observed in this investigation when spraying ex- 
periments were repeated under conditions identical, except as to weather, 
show the significance of atmospheric conditions, but, what is of especial 
importance to the investigator, these varying results show the great 
danger in drawing conclusions from single experiments. 


vSUMMARY 

Based on an investigation extending through a period of lo years, and 
involving the application of various arsenical spray mixtures to approxi- 
mately 10,000 separate plants and branches of trees sprayed individ- 
ually, we submit the following conclusions concerning arsenical injury to 
foliage: 

(1) The name commonly used does not indicate the composition of an 
arsenical with sufficient exactness. This is especially true of the calcium 
arsenites, lead arsenates, and zinc arsenites, in which the results ob- 
tained by using different lots labeled the same except as to manufac- 
turer may give widely divergent results. The arsenic trioxids and Paris 
greens are much more uniform in composition. 

(2) The arsenical insecticides least injurious to foliage are iron arsenate 
and certain of the lead arsenates. Possibly new ones will be proposed 
that will be as safe or safer. 

(3) Of the lead arsenates not all pure diplumbic ortho-lead arsenates 
are identical in burning properties, nor are all triplumbic ortho-lead 
arsenates identical in this respect. Some diplumbic lead arsenates are as 
safe to use as some of the triplumbic ones. 

(4) Arsenic trioxid is not so dangerous to the foliage as is generally 
supposed, and indeed this compound is permissible as an insecticide on 
any but the most delicate foliage, provided it is applied promptly after 
mixing with water. 

(5) Standing after mixing causes a very marked increase in injury by 
arsenic trioxid and a slight increase in injury by other arsenical in- 
secticides. 

(6) Of the readily soluble arsenical compounds cacodylic acid and 
sodium and potassium cacodylates proved &e most injurious. This is 
quite in contrast to the well recognized fact that these compounds of 
arsenic are less harmful to the higher animals than most others. 

. (7) The foliage is more susceptible to arsenical injury than the fruit 

or the stems. 
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(8) The injury to leaves is characterized, first, by a lack of luster, 
then wilting, and a final change to some shade of brown (dependent 
upon the species of plant) as the affected tissue becomes dead and brittle. 
The symptoms are not sufficiently distinctive to separate arsenical injury 
from some others. 

(9) The injury to the foliage is practically all through the lower 
epidermis, regardless of the numbers of stomata in the two surfaces, 
indicating that it is a result of direct penetration of the thinner cuticle. 

(10) Individual plants of the same species and variety vary somewhat 
in their susceptibility to arsenical injury. 

(11) The older leaves of a plant are more susceptible than the younger 
ones. 

(12) Soap added to soluble arsenicals offers a slight protective action. 

(13) Soap added to most insoluble arsenicals increases the injury by 
increasing the solubility to a point more than counteracting its slight 
protective action. 

{14) Soap added to Paris green in suspension distinctly restrains the 
burning of foliage. 

(15) Gelatin, milk, and agar do not increase the arsenical injury to 
foliage. 

(16) Lime sulphur increases the injury caused by most insoluble 
arsenical compounds. 

(17) Lime sulphur distinctly decreases the injury caused by calcium 
arsenite but not to a sufficient extent to make this a safe insecticide. 

(18) Tobacco extract has little influence upon the injurious properties 
ol arsenical insecticides. 

(19) Lime restrains, to some extent, the injury by calcium arsenite 
and Paris green. 

(20) We have not been able to decrease the zinc arsenite injury by 
adding ferrous sulphid. 

(21) Repeated spraying with zinc arsenite is liable to result in serious 
burning. 

(22) ' A slightly wilted condition of the foliage does not result in in- 
creased injury. 

(23) Light seems not to be an important factor in arsenical injury to 
foliage. 

(24) An increase in atmospheric temperature results in a moderate 
increase in arsenical injury ; but within the ranges of temperature found 
during the summer in a suitable orchard climate this is of little practical 
importance if the air is relatively dry. 

(25) Humidity is tlie greatest environmental factor in determining 
arsenical injury to foliage, and this influence is very marked even before 
the saturation point is reached. 

(26) Using a few experiments as a basis for generalization upon 
arsenical injury is a treacherous proceeding and may lead to erroneous 
conclusions. The only safe procedure is to test repeatedly each point 
under consideration. 
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PIRATE I 

KSt^es in the development of arsenical spray injury on apple foliage. 

A. — Three days after spraying. 

B. — Four days after spraying. 

C. — Five days after spraying. 

D. — Seven days after spraying. 

E. — ^Ten days after spraying. 

F. — ^Twcnty>fivc days after spraying. 
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